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vision of the Sunnyside U nit, 
Yakima Project, United 
States Reclamation 
Service 
By E. A. Moritz* 


The Yakima Project of the U. S. Re- 
clamation Service is located in the well 
known Yakima Valley in the State of 
Washington. The Sunnyside Unit of this 
project begins about 10 miles in a south- 
easterly direction from the City of North 
Yakima and extends along the Yakima 
River for a distance of about 50 miles. 
The whole unit contemplates the irriga- 
tion of about 100,000 acres of land of 
which 60,000 acres are already being 
supplied with water. The present paper 
deals with the construction of a portion 
of this unit consisting of about 2500 
acres, which is really a small project in 
itself, as it involves practically all kinds 
of irrigation construction. 


THE PROSSER DIVISION 


This area is located south of the 
Yakima River and extends east and west 
from the town of Prosser as indicated on 
the accompanying map, Fig. 1. The vari- 
ous features involved in the construction 
of this system are shown on the map. 
Beginning at the diversion from the 
Sunnyside main canal the water is first 
allowed to run down a natural water- 
course a distance of about one-half mile. 
It is then diverted from this watercourse 
into an artificial earth channel about 400 
ft. long called “feeder canal,” at the end 
of which it is taken into a 30!'4-in. diame- 
ter reinforced-concrete pipe, 2825 ft. 
long; then into a 3l-in. wood-stave pipe, 
7500 ft. long, which is carried across the 
Yakima River on a steel bridge; then 
run again into a 30'3-in. concrete pipe 
for about 275 ft. to a reinforced-concrete 
standpipe outlet. At this point the water 
is discharged into a semicircular steel 
flume, of 5 ft. diameter, 1000 ft. long, 
and is then divided into the east and west 
distributaries, from which the deliveries 
to the land are made. The distribution of 
the water on the lands involved an un- 
usual quantity of flumes, chutes and 
pipes. These structures were all made of 
wood, machine-banded wood-stave pipes 
being used for all pipe deliveries. 


*T7 Ss Reclamation Service North 
Yakim Wash 


STRUCTURES 


The structures will be described in the 
order of their succession from the main 
canal down. Those on the distribution 
system are all small and of standard 
type and only general mention is made 
of them. 

The turnout from the main canal into 
the natural channel is made through a 
wooden chute, the main canal itself being 
carried across this channel in a wood 
flume. The quantity of water diverted is 
26 c.f.s. The channel, having a _ very 
steep slope, required no treatment other 
than the removal of some large stones 


Project of the U. S. Reclamation Service, 
described in ENGINEERING NEws, Vol. 605, 
page 208. The forms used, however, 
were different, and a two-segment collar 
instead of three-segment was used for 
the joints. The sections of pipe were 
made 6 ft. long, each section weighing 
about 1500 Ib. The inside diameter was 
30! in., and the thickness of shell 2! in. 
The Chezy formula was used for de- 
termining the size of pipe required. 
The value of n used was 0.013. The pro- 
file, Fig. 3, shows the pressure to which 
the pipe is subjected. 


MANUFACTURE—The pipe sections were 





STEEL FLUMES FROM CONCRETE-PIPE CONDUIT TO DISTRIBUTARIES AT PROSSER 


and vegetable growths in order to carry 
this quantity without the formation of 
ponds. The diversion from this water- 
course into the feeder canal is made by 
means of a concrete cut-off wall founded 
on bedrock, provided with a spillway for 
natural drainage waters. This cut-off 
wall diverts the irrigation water through 
an opening in a concrete head-wall, pro- 
vided with flashboard control for keeping 
the flood waters from entering the pipe 
when the system is not in operation. The 
intake to the pipe is a simple concrete 
structure, of which a photograph is 
shown in Fig. 2. 


CONCRETE PIPE 


DESCRIPTION The concrete pipe, as 
well as all other concrete structures, was 
built by force account. The type of pipe 
used and the methods of construction are 
similar to those used on the Umatilla 


manufactured in a central pipe yard at 
Prosser and hauled to the line in wagons, 
the average distance being about 1! miles. 
Views of the pipe yard are shown in Figs. 
t and 5. The location of this manufactur- 
ing plant was ideal, being just below a 
siding on the Northern Pacific Ry., which 
is located on a high fill. The gravel used 
had to be shipped in by rail from a point 
about 25 miles west. The bins were built 
at the toe of the fill, thus making a very 
simple arrangement for unloading as well 
as having the gravel-in the bins at the 
proper elevation for convenient supply 
to the mixer. Electric light and water for 
mixing and sprinkling were supplied from 
the city plant. The concrete was carried 
from the mixer to the forms in wheel- 
barrows. It was deposited in the top of 
the 6-ft. form, a platform about 3 ft. 
from the ground being used to facilitate 
pouring and tamping, which was done 
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with round rods 
spades. 


FORMS 


and narrow flat slotted 
Twenty steel forms were used. 
These were made in the Reclamation Ser- 
vice shop at Sunnyside at a cost of $108 
each. 

The details of the form are shown in 
Fig. 6. In order to insure a_ perfect 
cylinder the patterns for the semi-circu- 
lar rings were first made in the Reclama- 
tion Service shop; these were sent to a 
foundry at North Yakima and rough cast- 
ings cade. By comparison of the castings 
with the patterns the amount of shrink- 
was determined. On the basis of 
this information the patterns were modi- 
fied and the final rings were cast from 
The machine work was all done 
in the shop at Sunnyside, a special lathe 
having been set up for the purpose. The 
steel sheets were cut and riveted by hand. 
The inside form was made in three 
pieces, divided vertically, and the outside 
in four pieces, being divided vertically 
and horizontally at the middle. All parts 
were light enough so one man could han- 
dle them. The outer form was originally 
divided into two parts vertically to facili- 
tate pouring the concrete and to avoid ex- 
cessive tamping, it having been the in- 
tention to build up the lower half of the 
outside form first, pour this, and then 
build up the upper half, thus avoiding 
having to lift all the concrete 6 ft. Ex- 
perience, however, showed that it was 
more economical and just as satisfactory 
to build up the entire form in one opera- 
tion and pour it all from the top. It 
would, therefore, be better to have the 
upper and lower half of the outside form 
riveted together, as these could be han- 
dled in this shape with equal facility and 
could be set up more rapidly. 

REINFORCEMENT—The reinforcement of 
No. 4 wire was wound into coils on a reel 
similar to the method used on the Uma- 
tilla Project already referred to. 

The reinforcement was designed for a 
working stress of 12,000 lb. per sq.in., 
and the maximum head on the concrete 
pipe is about 50 ft. Three different spac- 
ings of the No. 4 wire were used: 134, 
2'4 and 3% in. 

LAyING—-The method of laying is clearly 
shown in Fig. 8. A chain block attached to 
the apex of a three-legged frame was used 
for lifting the pipe and swinging it into 
place. In laying the pipe the collar seg- 
ments were first set to line and grade. 
Only one man was required for this work. 
The pipe layers then followed up and set 
the pipe carefully on these segments. A 
man was kept on the inside of the pipe 
to line up the ends and mortar the joint. 
The pipe gang was followed up by collar 
setters who put on the other half of the 
collar and completed the joint. The lay- 
ing of this pipe proved to be a very sim- 
ple matter, and was quickly, accurately 
and cheaply done. 


age 


these. 


CONCRETE AND AGGREGATE — River 
gravel was used for the aggregate. 
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On account of the thinness of the 
shell and the relatively large amount of 
space taken up by the reinforcement, the 
gravel had to be screened through a 
;-In. square-mesh screen. All the ma- 


terial passing this screen was used; 4.7 
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CATION MAP, PROSSER DIVISION 
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sacks of cement were used to each cubic 
yard of gravel and it required 1.2 cu.yd. 
of gravel to make a cubic yard of con- 
crete. This mixture gave very satisfac- 
tory results, both in the manufacture of 
the pipe and in its behavior in the com- 
pleted structures. 

OPERATION—The pipe has been ‘in opera- 
tion under almost full pressure for about 
three months at the time of this writing 
and no leaks have developed except one 
hole evidently blown through the pipe by 
some malicious person with a rifle before 





;. 2. INTAKE OF CONCRETE PIPE, UNDER 
O.-W. R. & N, RoapBep 


any backfilling was made and before the 
pipe at this point had been subjected to 
more than a few feet pressure. When 
water was first turned into the pipe small 
leaks developed at practically all the 
joints and seepage through the body 
showed up at many points. All this, how- 
ever, disappeared in a few days and all 
leakage stopped without any treatment. 
This was probably accomplished princi- 
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pally by the silting up of the interstices 
by material carried by the water, which 
was heavily charged with silt. 


WoOOD-STAVE PIPE 


The reason for using two radically dif- 
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OF SUNNYSIDE UNIT OF YAKIMA PROJECT, 


ATION SERVICE 


ferent kinds of pipe on a single line may 
not be apparent. The explanation is that 
it was desired to operate the wood pipe 
under a minimum head of 20 ft., as experi- 
ence elsewhere had shown that wood pipe 
could not be well preserved under lower 
heads than this even if always kept full 
of water. The wood pipe was therefore 
terminated at such points that when the 
pipe was full and just overflowing at the 
outlet the static head at the ends of the 
wood pipe would be not less than 20 ft. 
This will be the condition between irriga- 
tion seasons, when the pipe will not be 
in operation and when it is expected to 
keep it full of water from a_ nearby 
pumping plant. Under these conditions 
the entire pipe line is practically a per- 
manent structure. It was calculated that 
this construction was more economical 
than building the entire line of concrete, 
especially as it was important to keep the 
first cost as low as possible consistent 
with fairly permanent construction. 

DESCRIPTION—The wood pipe is of the 
continuous-stave type, 7500 ft. long and 
31 in. in diameter. The staves are 2 in. 
thick and the bands in. diameter with 
malleable-iron shoes designed and manu- 
factured especially for this pipe. In de- 
termining the size of the pipe a special 
formula, based on experiments, was used, 
as this was considered a safer basis than 
an assumed value of Kutter’s n in the 
Chezy formula. 

CONSTRUCTION — The construction of 
this pipe will be described in greater de- 
tail than may perhaps seem necessary, as 
very little has been published in regard to 
methods and appliances used in the con- 
struction of wood-stave pipes. Although 
simple, this is a highly specialized art and 
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there are comparatively few engineers or 
others thoroughly acquainted with it. In 
spite of the fact that timber is getting 
more scarce each year and proper material 
for pipes is becoming increasingly difficult 
to obtain, the writer believes that the 
popularity of this form of construction 
is increasing rather than diminishing. 
Used as in the present instance, there can 
be no serious question as to its economy 
and efficiency. 


The method of constructing a wood- 
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Fic. 3. PROFILE OF PIPE LINE, 


stave pipe of this size is briefly as fol- 
lows: A piece of iron tubing, bent in the 
form of a semicircle of diameter slightly 
larger than the required outside diameter 
of the pipe, is used for laying up the 
staves and holding them to the shape in 





Fic. 4. ViEw IN PIPE YARD, SHOWING FINISHED CONCRETE 


PIPE AND COLLARS 


the lower half. The upper half section 
of staves are then laid on a similar tube 
dent to a radius slightly less than that of 
the interior of the pipe. While the bands 
are being placed on the outside the staves 
are hammered out from the inside and 
made flush with one another. A space of 
from 3 to 4 ft. is always left between 
ends of adjoining staves. Before the suc- 
ceeding set of staves is placed the pro- 


PROSSER 
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jecting staves are pried apart and the 
tengues inserted in the slots. The 
tongues are usually made of No. 11 or 
No. 12 gage steel and about | to 1 in. 
wide, depending on the size of pipe, and 
of a length about ;'; in. greater than the 
width of the stave that they crush 
about in. into the adjoining staves. 
After the tongues have all been placed 
the next set of staves is placed and the 
rcunding-out process is repeated. In driv- 
ing the staves the tension on the bands is 


so 
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IRRIGATION WorRKS 


so adjusted that usually the second joint 
back is the one driven home. This is 
not a simple adjustment to make and 
requires considerable practice in order to 
obtain the desired results. It often hap- 
pens when the adjustment of bands or 











method cf driving is not proper that the 
adjoining staves, which have been driven 
home, will rebound and open up the joint 
again, or that the next succeeding joint 
which has been driven home in the previ- 
ous set will open up slightly. These 
items can be learned by experience only. 
After the pipe erection has been com- 
pleted the final cinching of the bands is 
done just before water is turned into the 
Pipe. 


5. VIEW OF 
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SPECIFICATIONS—To afford an _ indica- 
tion of the quality of work required on 
this pipe the following extracts are made 
from the specifications covering the 
same: 


DIAMETER OF PIPE—The inside 
diameter of the pipe shall be 31 in, 
measured after completion of the work 
No diameter shall differ more than 4 in 
from the normal diameter of pipe, and 
the average diameter of the pipe at any 
point shall not be less than 381 in. nor 
more than 381%. in 

STAVES All lumbet used in staves 
shall be vellow fir (Douglas fir). It shall 
be sound, straight-grained, and free 
from dry rot, pitch seams, pitch pockets, 
checks, Wind shakes, sapwood or other 
imperfections that ray impail its 
strength or durability. No through 
knots or knots on the edges or at ends 
of staves shall be permitted Sound 
knots not exceeding ‘'s in. in diameter 
not falling within the above limitations 
nor exceeding more than three within a 
l0-ft. length will be accepted. \ll lum- 
ber used shall be seasoned by not less 
than 60 days’ air drying in open piles 
before milling, or by kiln drying \ll 
staves shall be accurately planed to a 
smooth surface to fit a standard pattern 
provided by the contractor. Staves shall 
be trimmed perfectly square at ends and 
slots for tongues shall be in exactly the 
same relative position for all ends and 
according to detail drawings furnished 
by the contractor. Staves shall be of an 
average length of 16 ft. or upward. No 
staves shorter than 10 ft will be ac- 
cepted. The finished thickness of staves 
shall be not less than 2 in. All staves 
delivered on the work in a bruised or in- 
jured condition will be rejected. 

METAL WORK \ll bands shall be of 
»-i! diameter mild steel, Shoes shall 
be of malleable iron or steel and shall 
have the dimensions shown in drawing 
There shall be one shoe to each band. 
Steel used for bands shall have the fol- 
lowing qualities: Tensile strength, from 
55,000 to 65,000 Ib. per sq.in.; elastie 
limit, as determined by the drop of the 
beam, of not less than one-half the ul- 
timate tensile strength minimum per 
eent. of ultimate elongation in 8 in. of 
1,400,000 divided by the ultimate tensile 
strength: and capability of being bent 
flat upon itself when cold without frac- 
ture. Bands shall have button heads of 
dimensions shown on drawing. Threads 
shall permit the nut to run freely for 
the entire length of thread. Bands shall 
be stronger in thread than in body. Nuts 
shall be of such thickness as to insure 
against stripping threads. <All metal in 


shoes shall be free from flaws and cleanly 
finished. Shoes shall fit accurately to 
the outer surface of the pipe. 


COATING OF METAL WORK—The 


PipE MANUFACTURING PLANT 


bands and shoes shall be coated by being 


dipped when hot into a mixture of pure 
California asphalt, or equivalent, and 
linseed oil. This coating shall be so 
proportioned and applied that it will 
form a thick and tough coating, free 
from tendency to flow when exposed to 


sunshine or to become brittle when cold. 


TONGU ES—Tongues shall be of either 
steel or oak. If of steel they shall be 
flat. %4 in. thick. The width shall be 
such that when in place they will pene- 
trate into the sides of adjacent staves 
without undue injury. The tongues and 
slots shall be so proportioned as to in- 
sure a tight fit of the tongues into the 
slots without danger of splitting the 


staves. 





ERECTION rt yipe shall be built 
n Wwol nlike manner The ends 
of staves hall breal joint at least 3 
t. Stav ll) be driven in such a man- 
ne} to vold any tendenc to cause 
wind mn opipe Staves shall well 

ve to produce tight butt joint driv- 

| ‘ other suitable means being 

fo 4 void marring or damaging 

s it lt ! | rounding out the 
pip eure shall be exercised to avoid 
lamar ) chisels, mauls or other tools 
The pipe shall be rounded out to produce 
mooth inner and outer surfaces Bands 
shall ee iccurately spaced ind placed 
perpendicular to the axis of the pipe. 
Shoes shall be placed to cover longitud- 
nal joint betweel staves ind bear 
equally on two staves They shall be 
placed alternately on Opposite sides of 
the pipe so as to be out of line and cover 
successively on each side at least three 
joints Bands shall be spaced in accord- 
ance with detailed lists to be furnished 
and as staked on the ground, the follow- 
ing schedule being an indication of the 
total number required They shall be 
hammered thoroughly into the wood to 
secure a bearing of 60° of the circum- 
ference \ll kinks in bands shall be 
carefully hammered out, and bands shall 
be back-cinched to the satisfaction of 
the engineer so as to produce satisfac- 
tory initial cOmpressive stresses 1 the 
staves \ll metal work shall be handled 
With reasonable care so as to avoid in- 
Jury to the coating as much as possible. 
\fter erection the contractor shall have 
the coating of all metal work, where 
abraded, thoroughly retouched with an 
asphaltum paint satisfactory to the en- 
gineer, 

RESULTS ATTAINED—After completion, 


and after the pipe had attained its final 
swell, two diameters at right angles to 
each other were measured at intervals of 
50 ft. over the full length of the pipe. 
The average of all diameters thus meas- 
ured was 31.03 in. The smallest diame- 
ter measured was 303¢ in., and the largest 
diameter was 31 in. The smallest aver- 
diameter found at any section was 
3054 in., and the largest 3136 in. 
The greatest difference between the two 
diameters measured at any section 
found to be in. 

The stave material used was in every 
respect equal to the specifications. Dur- 
ing the work the inspector rejected staves 
amounting to 6°: of the total delivered, 


age 
c c 


was 


was 


but the rejected staves were afterward 
worked over and the final culling 
amounted to only 1.38°% of the total. 


The principal defects found, named in the 
order of their relative frequency, were: 
Bad ends, rough edges due to dull planer 
knives or cross grain, pitch pockets, 
birdseyes and seams, knots, and slanting 
checks or seams on the ends of staves. 
In working over the culled staves con- 
siderable difficulty was found to lie in 
cutting off and reslotting the ends prop- 
erly. 

The main difficulty in the metalwork is 
usually found in the stripping of threads 
and breaking shoes in the throat between 
band-head bearings. In the present work 
an insignificant number of threads were 
stripped or broken. The material 
in the shoes was of exceptionally good 
quality and would stand any amount of 


shoes 


hammering and rough handling without 
breaking or chipping. Shoes usually 
break in the manner above mentioned 
when the shoe fits so tightly over the 


band (usually because of projections on 
the casting) that hard driving is 
sary to force it into place. 


neces- 
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Fic. 6. STEEL ForMs 
DESIGN OF BANDS AND SHOES — The 


bands were designed for a working stress 
of 12,000 Ib. per sq.in. The shoe was de- 
signed for a maximum tensile stress in 
the metal of 48,000 Ib. per sq.in. (ulti- 
mate) and a bearing of 1200 Ib. per sq.in. 
(ultimate) on the stave, both with 60,000 
lb. per sq.in. tension in band. This latter 
can occur only during cinching, at which 
time the tendency is to dig the heel of the 





-IN. CONCRETE 


FOR 30 
Pipy 


form. reinforce 
ind outside form.) 


FORMS 


(Showin: nside ment eoil 


shoe into ENGINEERING 
NEws, 126, for description 
of method of designing shoes for wood- 
Stave pipe bands.) 

METAL CoATING—Before being placed 
on the pipe the bands and shoes were 
dipped in a mixture of hot asphalt andafter 


the wood. (See 


Vol. 66, page 
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FOR 30'>-IN. CONCRETE PIPE 

placing, the abraded spots were retouched 
with an asphalt paint. The specifications 
called for linseed oil in the coating ma- 
terial, but the contractor objected to its 
use and held that it was contrary to usual 
good practice. The writer verified this 
statement, but for his own information he 
had some experiments made to determine 
the effect of linseed oil in the mix on the 
nature of the coating. These experiments 
showed that the effect of the linseed oil 
is to make a coating which will not run 
at as low temperatures and will not chip 
at as high temperatures as the pure 
asphalt coating. In other words, it makes 
a more flexible coating. Not more than 
10% nor less than 7% of linseed oil 
should be used for best results. The 
writer would not advocate the use of lin- 
seed oil on bands which will always be 
covered up, but when the pipe is out of 
the ground and exposed to a large range 
of temperature, as this pipe is on the 
bridge, there seems to be no question but 
that the linseed-oil mixture would be 
more satisfactory. 

INSPECTOR’S OBSERVATIONS—The actions 
of the materials and pipe during con- 
struction were carefully observed by W. 
A. Rowe, inspector for the Reclamation 


Service, and the following extracts are 
taken from his report: 

SHRINKAGE, SWELLING, ETC.—The 
pipe on the south side of the river was 
subjected to much hot weather and 
showed shrinkage to a surprising ex- 
tent The portion north of the river did 


not shrink to the same extent because 





was again 


average. 
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its being laid 


its being 


by the seepage water from the irrigation 
unning into 
inlet to the 
had been ph 


lation of the 
as obtained in the pipe 


The 


Apr. 18 


taken up an 
total shrinkage of 
in. to each 
staves showed 
body, and when 





equal on butting 
ings at the 


ing the testing 
that did not 
wedges 





later date, 


preventing 


south of the river. 
portion of between 
and 94 showed 
This stretch 
thoroughly 
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shrinkage. 
its completion 
cinched 
cinched Mar. 
bands were 
This stretch was again cinched 


additional 


shrinkage 
this shrinkage 


Fics. 9 AND 10, Woop PIPE 


recinching. 
Most of these openings swelled shut dur- 


into adjoining 
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openings. It was suggested that these 
small.ends were due to the planers at 
the mill, but this I do not believe to be 
so, because the planers used would not 
allow the stave end to run off, because 
the end of the stave was always cut off 





8. LAYING CONCRETE PIPE 


anyway to square it and finally because 
TI did not observe any of the small ends 


till after the warm weather in March. 


The staves were all supposed to have 
been thoroughly kiln dried. It was 


strange how much more some of the 
staves shrank than others. Moreover, I 


could not observe anything in the staves 


themselves that would explain this un- 
equal shrinkage. 





IN COURSE OF CONSTRUCTION 


I took three pieces of thoroughly sun- 
dried stave, and after measuring them 
soaked them for two weeks, observing 
their dimensions after two days in the 
water and at the end of the two weeks. 


The results are as follows: 


After Soaking 


nisamatiineid imieatigiaan 
Dry 2 days it days 
Specimen No. 1, cross- 
grained: 
Radial 1.97 2.00 2.01 
Circumferentia 23 & 27 9.32 
Specimen No. 2, diag 
Onal gral 
Radial 2.00 2.04 2.06 
Circumferential ». 29 ), 34 o.42 
Specimen No. 3, slash 
grain 
Radial 2 OO 2 O4 
Circumferential 5.25 5.36 


‘Split up to observe extent of penetration 


From the above it would seem that 
the full amount of swelling does not ob- 


tain after two days of soaking. This 
Was corroborated by observations taken 
during the testing of the pipe, when it 


Was noticed that many leaks not closed 
after two days of testing closed subse- 
quently, the seams appearing tight after 
four or five days of testing. Using the 
above amount of swell observed in the 
tests, the swell circumferentially of the 
20 staves composing the pipe would 
amount to 2 in. or 2% in. Some of this 
swell was taken up by the crushing of 
the wood fibers into each other and the 
remainder by the bedding of the band 
into the pipe. As it was impossible to 
pound out kinks or to imbed the band 
on the lower third of the pipe it is prob- 
able that at least half of the swell was 
taken up by the imbedding of the band. 

I could not observe any swelling 
lengthwise of the staves, although there 
is doubtless some slight swell but not 
enough to close butt joints that were 
open before testing the small amount of 
sz in. The slight amount of swell length- 
wise of course should be taken advan- 
tage of by doing all the wedging of the 
butt joints before admission of water to 
the pipe. During the first two days of 
the test the leaks were mostly all due to 
shrunk ends. As these swelled shut, the 
leaks developed in the butt joints, which 
were then taken up by further wedging. 

BUTT JOINTS—During the first month 
on the job I found it hard to secure good 
butt joints. There are many factors in- 
fluencing this work. The stave ends 
must be sawed square; there must be no 
marring of these in setting or driving, 
the line must be good, the grade must be 
unbroken, there must be no “wind” in 
placing the staves, and most important 
of all they must be properly driven and 
properly cinched after driving. In any 
case proper driving alone will give joints 
as good as are possible under the other 
conditions mentioned. There is no doubt 
but that the stave ends are frequently 
slightly out of square because of wobble 
in the cutoff saw, but it is also true that 
this is hard to detect and is better than 
can be done by working them over with 
a hand saw if they were detected. 

The important point in good driving 
is not to try to drive the stave too hard 
or to “set” it. in other words: drive the 
stave only snugly up. If they are struck 
afier they are once up the tendency is to 
open up both the other joints of the same 
set as well as the joints of the set back 
of these if the bands are not tight 
enough to hold these last. In driving TI 
found it important to get the full effect 
of heavy blows. To this end the driving 
bar should be held squarely in line with 
the stave and the striking done by heavy 
hitters. It will be found that the joints 
of the other sets ahead of these being 
driven are jarred open by the striking. 
The fewer, heavier strikes in driving, the 
less will the other joints be opened and 
the less striking is required then to close 









































these. The tightness of the bands ahead 
of the joints is very important. If they 
are too tight the driving is made hard 
and the continual jarring serves to open 
the other joints. On the other hand, if 
they are too loose the staves will “jump” 
back and those first driven will be found 
open on completing the circle. The 
bands then should be just tight enough 
to “hold” the drive. 

PIPE ALIGNMENT—There are several 
factors apt to prevent the laying of the 
pipe in a straight line, viz., roll in the 
pipe, inequalities in grade, and the diffi- 
culty of lining in the center of the pipe. 
1 found it necessary to devise a rod to 
hang in the pipe with a plumb bob sus- 
pended from it to denote the center of 


the pipe. This bob not only gave a cen- 
ter to sight to in throwing the pipe in 
line, but also indicated whatever “roll” 
or “wind” there was in the pipe. In 
getting out this roll, if the bands are 
too tight, the pipe will be stiff, in which 
case the pipe should be rolled beyond 
the amount necessary to correct it be- 
cause it will spring back somewhat dur- 
ing the driving This excess amount of 
correction is largely a matter of ex- 
perience, and it is best to try the “wind” 
after the driving to make sure that the 


correction was right. <A roll in the pipe 


presents the same appearance in looking 


along the top of the pipe as a curve in 
it would even though the bottom stave 
is exactly in line, the effect being en- 


hanced by the lineup of the shoes. 
When the pipe rolled it is 
important in which direction of rotation 
the driving is into the 
pipe, if it rolled clockwise, be- 
gin driving at the bottom and drive anti- 
clockwise 


has been 


done. Looking 
has been 


and vice 


versa. If the pipe 
is coming along without needing any 
rolling, the direction of rotation of the 


drive should 
successive 


be reversed in driving each 
form. 

BLowoFF—The blowoff at the river is 
the onlv special fitting on the pipe. It is 
designed to discharge the full capacity of 
the pipe. This would be necessary in case 
the water had to be shut off from the 
laterals, as the quantity of 26 c.f.s. could 
not be carried down the main canal with- 
out taxing it excessively. The blowoff 
valve is attached to the bottom of the pipe 
directly over the bridge pier 3. 

The valve is a standard Crane Co. gate 
valve. A similar valve, 18 in. in diame- 
ter, installed elsewhere on the project and 


operated in a horizontal position, has 
> 
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Fic. 13. METHOD OF BLANKETING CANAL 


IN Porous GROUND 


given considerable trouble on account of 
breaking of the valve tongue due to the 
violent vibratory shocks caused by veloci- 
ties of over 60 ft. per sec. The velocities 
through the present valve are practically 
as high, but it was thought that the posi- 
tion of the valve and the conditions of 
operation were such that the vibrations 
would not be so violent. This, however, 
was found not to be the case, and the 
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rattling was tremendous when the gate 
was opened. There was practically no 
vibration for a valve opening of less than 

and more than 34. For any opening 
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effort to adjust itself to the changing 
pressures. In explanation of the cessa- 
tion of vibrations at 34 opening it was 


assumed that at this point the back pres- 





Fic. 11. FALSEWORK AND TRAVELER FOR BRIDGE ERECTION 


between 3< and 34 the intensity of the 
vibrations seemed to be about the same; 
that is, they increased very rapidly to a 
maximum as soon as a 3g Opening was 


Pa aaa 
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sure from the elbow was sufficient to 
cause the valve chamber to be entirely 
filled with water, thus producing a water 
cushion for the valve tongue to react 





Fic. 12. THe Pipe BRIDGE OVER THE YAKIMA RIVER 


(Blowoff operating with 


reached, and did not decrease until the 34 
opening was almost reached, when the de- 
crease was very sudden. An explanation 
of this phenomenon has apparently been 
found: After observing the action of the 
valve and of the discharging water at 
various stages of gate opening, it was 
noted that up to the point where the chat- 
tering began the water seemed to be run- 
ning freely from the end of elbow and 
did not appear to occupy the entire area 
of the same. At this point, however, the 
stream, which had a violent rotary mo- 
tion, seemed to entirely fill the end area 
of the elbow. This brought forth the idea 
that when this occurred there was a tend- 
ency to form a vacuum and the alternate 
drawing off and inrush of air, which 
must have occurred many times per sec- 
ond, caused the tongue to vibrate in the 





valve 


about half open.) 


against—-assuming that such reaction ex- 
isted. A remedy for the vibrations was 
produced in the form of a 1-in. hole bored 
into the side of the elbow just below the 
valve flange and on the side toward the 
valve stem, which allowed free access of 
air to the valve chamber at all times. 
This showed the vacuum theory at 34 
opening to be correct and the pressure 
theory at 3; opening also, as, at the 
former there was a strong suction, and 
when the 34 opening was reached the 
water began to spurt out of the hole, 
showing that the valve chamber was full 
of water under pressure. The vibrations 
were greatly reduced by this means, but 
whether they were entirely eliminated 
could not be ascertained with certainty on 
account of the vibrations and loud noise 
made by the water impinging on the 
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elbow. There is no question, however, 
that the conditions of operation are much 
more favorable for the valve’ than 
formerly. 

This experience is explained at length 
with the hope that other engineers may 
profit by the same, as the writer must 
confess that he and his associates on this 
work were for a time baffled for a solu- 
tion of the difficulty, which had caused 
considerable annoyance and promised to 
cause more. 

The 18-in. blowoff above mentioned has 
recently been treated in a similar manner 
with equally good results. The tongue of 
this valve had already been twice badly 
broken by the vibrations. The stem of 
this valve is vertical and the valve dis- 
charges into an 18-in. 45° riveted steel 
elbow with a 9-ft. radius. Two 1'4-in. 
taps were made in the top of this elbow 
just beyond the flange connection to the 
valve. These openings effectually stopped 
all vibrations of the tongue, and when the 
openings were closed or partially closed 
violent vibrations were again set up. The 
suction into these openings probably 
amounts to 8 or 10 lb. per sq.in. The 
same general phenomena were observed 
in the action of this valve as in the 12-in. 
valve previously described. 


BRIDGE 


The ways and means of carrying 
the pipe across the river were a sub- 
ject of much investigation and discus- 
sion. Barring possible accidents and un- 
usual flow conditions in the river, a cross- 
ing under the bed would probably have 
been the cheapest, but some trouble is 
being had with another pipe which 
crosses the river under the bed and it 
was therefore decided not to invite a 
similar difficulty, but to employ an over- 
head crossing. 

COMPARATIVE ESTIMATES—A ‘prelimi- 
nary comparison of cost and suitability 
was made between: (1) concrete arches; 
(2) suspension bridge; (3) wood-stave 
pipe arches; and (4) long-span plate- 
girders. 

The wood-pipe arches figured out to 
be the cheapest form of construction, but 
the uncertainty as to the proper design of 
the details to take up all possible stresses 
and the probability of much greater diffi- 
culties in the construction caused this 
scheme to be abandoned. The writer 
knows of only one bridge built by arch- 
ing the pipe to carry itself, and this was 
on such a small scale that experience 
gained from it was not very valuable in 
the present instance. The suspension 
bridge was found to be too expensive and 
was thrown out of further consideration. 
The long plate-girders gave a relatively 
low cost, but were abandoned on account 
of the desirability of using long spans for 
which trusses would be cheaper. The 
concrete arches gave high first cost, but 
this type of construction seemed so well 
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suited to the situation that the type was 
retained for further consideration. 

The next comparison was made be- 
tween (1) concrete arches, (2) steel 
Warren girders and (3) combination 
wood and steel Howe trusses. In the 
comparison the depreciation factors were 
considered, the depreciation factors used 
being: concrete 1%, steel 4%, wood 10‘. 
This comparison resulted as follows: 


Depr 


Type First cost fund Total 
Concrete arches $34,874 $103 $34,977 
Warren girders 16,505 4,138 20,643 
Combination Howe 

trusses 12,418 8,428 20,846 


The concrete arches were rejected on 

account of their high cost. The Warren 
girders and combination trusses figured 
so nearly alike that it was decided to call 
for alternate bids on these two types. 
The bids for the superstructure were in 
each case about 10° less than the esti- 
mate. ' 
ADOPTED STRUCTURE—The Warren gir- 
der spans were finally adopted and a con- 
tract let for their construction for $12,000, 
including the 50-ft. I-beam span. The 
spans adopted are: 132, 132, 180, and 50 
ft., the last named being a 24-in. I-beam 
span, whereas the other three are half- 
through Warren trusses 12 ft. high. The 
180-ft. span was chosen so as to have the 
foundation of its piers above the normal 
water stage and thus avoid the use of 
coffer-dams for their construction. The 
economic construction for the remainder 
of the bridge would have been I-beam 
spans of about 50 ft. length, but it was 
desirable to obstruct the channel as little 
as possible, so the 132-ft. spans were 
adopted. The piers were built by force 
account, to save time on account of the 
approaching high-water season. 

SUPERSTRUCTURE—The steelwork is of 
the simplest kind. The specifications were 
similar to first-class highway-bridge speci- 
fications. No allowance was made for 
either snow load or impact, as neither of 
these is likely to occur to any but a negli- 
gible extent. The design was based on a 
uniform load per lineal foot throughout. 
The probable entire absence of impact and 
and the fact that the loading is uniform 
and the fact that the loading is uniform at 
all times makes the Warren type of girder 
particularlyadaptable. The main and lat- 
eral trusses and sway bracing are made 
up of angles and plates and the floor sys- 
tem is made up of I-beams. The pipe is 
carried on wooden ties and stringers rest- 
ing on the steel I-beams of the bridge 
floor. Each truss span has one fixed and 
one roller end and the I-beam span has one 
sliding end. The entire construction was 
made without any mishap. The bridge is 
shown in the photograph, Fig. 12. The 
falsework for the 180-ft. span is shown in 
Fig. 11. The deepest portion of the river 
was spanned by 75-ft. timber trusses rest- 
ing on rock-filled cribs. These cribs were 
in about 12-ft. depth of water. They were 


on 
~] 
Jt 


built on shore and floated into place by 
means of ropes attached to a highway 
bridge located about 100 ft. upstream. 

PierRS—Three of the piers are founded 
on solid rock, while two are founded on a 
mixture of clay and gravel somewhat 
cemented. Some pumping and wet exca- 
vation was necessary at one of the latter 
Piers on account of the greater depth 
necessary to secure good foundation. The 
concrete used was about a 1:7 mix of 
cement and river gravel. A large per- 
centage of angular rocks was mixed in 
the body of the piers, making a relatively 
cheap construction. 

Attention is invited to the front-page 
view, which shows in the foreground 
steel flume No. 2. Toward the top of the 
Picture is steel flume No. 1, and the pipe 
outlet with the bridge just to the left: and 
on the opposite side of the river the white 
Streak is the road along which the pipe 
comes down from the main canal. 

The excellent views of the work in- 
cluded herein are the work of F. P. 
Gridley, costkeeper and photographer for 
the Sunnyside Unit. 

Up to the present time the system has 
been carrying about 22 c.f.s. The pipe 
promises to carry the full quantity for 
which it was designed, but the steel 
flumes will have to be forced to the 
utmost in order to carry their designed 
capacity. These flumes are of the pat- 
ented “Maginnis” type, which have small 
steel channels projecting on the inside, 
making the surface very rough. The 
capacities were calculated by using n = 
0.015 and allowing 0.4-ft. freeboard. The 
value of n has been determined by ex- 
periment to be higher than this. The 
manufacturers of the flume material use 
n = 0.015 and make no allowance for 
freeboard, which is not a safe proceeding. 


DISTRIBUTION SYSTEM 


LATERALS—An interesting feature of 
the main distributing laterals is the 
method used to prevent seepage where 
the laterals run through porous ma- 
terial. This material is of two kinds: 
one a very open gravel and the other a 
peculiar fine-grained sand-rock, very por- 
ous and seamy. Ordinarily a concrete 
lining would probably have been used in 
materials like these, but in the present 
instance an earth “blanket” was used. 
The method of making this was to exca- 
vate the canal prism about a foot deeper 
than the neat section required and then 
backfill to the required neat lines with 
fine earthy material, or top-soil, as indi- 
cated in the sketch, Fig. 13. This ma- 
terial was moist when placed and was 
thoroughly compacted by the tramping of 
the scraper teams. 

This method of treating the previous 
sections proved to be very effective ex- 
cept where the backfilled material had op- 
portunity to thoroughly dry out before 
water was turned into the canal. In the 























’ ' . . 
latter case the water succeeded in getting 
1 Start through this material at a number 


of points. These sections were puddled 
by dumping in more earthy material and 
tramping it under water. On the whole 
method of producing a watertight 
canal has been found to be very satis- 
factory and can be recommended for use 


th; 
fils 


wherever the required material for the 
blanket is available. 
SUBLATERALS—On the sublateral sys- 


tem, wood construction was used through- 
outout. On account of the steep slope of 
the land from the canal to the river a large 
number of wood 
and a number of inverted siphons were re- 
quired to reach isolated tracts. For the 
latter, machine-banded wood-stave pipes, 
varying in diameter from 6 in. to 12 in., 
were used. 


chutes were necessary, 


The system is built to supply about 
2500 acres of irrigable land, of which 


about 1000 acres were watered during the 
irrigation season of 1911. 


Cost DATA 


Cost data for the work are given in the 
tables below. 


Cost Data for 30%-in. Concrete Pipe 


Total length manufactured 3,288 ft. 
Total volume of concrete 219 cu.yd. 
Total weight of reinforcing steel 25,000 Ib. 


Labor and manufacture of pipe 


Foreman. . $5.00 per day 
Gas engineer... : 3.00 per day 
Concrete and reinforcing men. 2.75 per day 


Common laborers . 82.00 and $2.50 per day 


Labor laying pipe: 





Foreman....... $4.50 per day 
Concrete men...... .$2.60 to $3.00 per day 
Common laborers....... $2.20 to $2.40 per day 
Two-horse team and driver $4.00 per day 
MANUFACTURE AND LAYING: 
Per 
lin.ft. 
Per of 
Concrete: Total Cu.yd._ pipe 
Labor, mixing and 
placing $618.52 $2.82 $0.19 
Labor, on forms 525.77 2.40 0.16 
sprinkling 115.88 0.52 0.04 
finishing 102.52 0.45 0.03 
Material, cement 728.46 3.32 0.23 
sand and 
gravel 639.36 2.92 0.20 
Supplies 81.19 0.39 0.038 
Total $2,812.00 $12.82 $0.88 
Collars: 
Labor, mixing and / 
placing $181.66 $0.06 
Material, cement 16.25 0.01 
sand and 
gravel 15.00 0.01 
reinforcing 219.00 0.07 
Total $492.00 $0.15 
Reinforcement, type C, Per 
12-in. spacing pound 
Labor $72.56 80.017 
Material 141.21 0.033 
£ 
Total $215.00 80.050 $0.56 
teinforement, type B, 
24-in. spacing: 
Labor $154.19 80.017 
Material 293.00 0.033 
Total 8447 00 80.050 80.42 
Reinforcement, type A 
34-1In. spacing 
Labor 82°96 75 80.018 
Mater 100.00 0 033 
To $627.00 80.051 80.34 
Per 
Plant Cu.vd 
Depreciation, includ- 
ing forms $2,658.00 $12.05 S0O.80 
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Cost of Bridge Superstructure 
Field labor 
nt m pat $5.00 per da 
on e! t.00 per day 
i *‘TeTs a = 
ahead ; ‘ o.00 per da 
junters ce 2.50 per day 
Common laborer 50 per d 
~. ; ict 
Weight, ; Painiang Cost per 
pounds Erection Riveting 2 coats Total pound 
_50-ft. span 10,200 S22 .25 $15.00 $5.25 $42.50 $0,004 
LSO-ft 67.900 135.S4 207 .50 10.50 383 .S-4 0.0057 
Py a ¥ : y 
132-ft. LO S40 94.72 154.00 25.45 274.17 0.0067 
132-ft. ; 10.840 S747 146.00 25.00 258 .47 0.0063 
Total labor 159,780) $340.28 $522.50 $96.20 $958.98 $0 OOK 
Material and shop cost 7O31L.00 0.0440 
breight and hauling 615.29 0 0029 
Falsework— material and erectior 106 30 0 003] 
doin , } rc} mee a 
— and brushe 96.75 0.0003 
Ant pete 140.00 0.0009 
Lisce aneous 70.00 0.0004 
Contractors’ total cost (not including genera expen 9368 .32 O.O05S¢ 
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TOTAL COST IN YARD Cost per fin.ft. of 
Type € pipe 35 70 2.36 band. . 0. 00027 
Type B pipe 33.60 2.22 Average number re 
Type A pip 39 30 9.14 touched per S-hr. = 
Hauling 14 mi > 56 0.17 _ shift by 2 men . 2.314 
faiths 10 O47 Number of bands 
; covered by one 
TOTAL COST IN PLAC! gallon paint on 
Type ( sine $4: 68 00 Lin.ft. of bands coy 
T ; en oa 13 36 son oe ered by one gallon 
J t > i} t* ” & -~ ; - 
Type A pipe 11.96 2.78 paint.... eres 5.000 
Note: The above figures do not cover gen- PAINTING PIPE ON 
eral expense. BRIDGE,540 lin.tt., 
two coats: 
Cost Data for 3t-in. Wood Pipe Total cost... $93.00 
’ s Cost per square 3 
Length of pipe 7,500 ft. ost per square 1.88 
omen 4-in. diameter band: 19,300 TESTING AND 
Thickness of staves 2 inches WEDGING ae 
- = : 4 D4 JOT! ; 
Wood....... Douglas fir. VEDGING JOINTS: 
Labor, foreman -.... $5.50 per day (No cost for supply- 
pipe Men. . . <4. 6 $2.25 to $2.75 per day ing water): 
> Y TS » » aV . 
common laborer 2.00 per day Fotal cost...... $90.00 
Two bend- Cost per lin.ft.of pipe 0.012 
BENDING AND DIP- ing tables ST aa 
PING BANDS AND One dip- SUMMARY FOR 31- 
SHOES: ing vat IN. WOOD PIPE: 
Total cost. . $291.00 Total cost of all 
Cost per band 0.0151 Items above. $2,160 
Cost per pound 0.0020 Linear feet of pipe 
Cost per lin.ft. of PONG. 3 7,900 
PATI... 2. cece 0.0015 ) Tr linear for 0. 288 
I 1 15 Cost ver | foct 
Weight of one shoe 1.04 Ib. Cost per inch of in- 
Weight of one band 6.49 Ib. side diameter, 
E per linear foot. 0.0093 
Total weight... 7.53 Ib. Note: The above are actual field costs only 
Weight of sphalt and do not include contractors’ or United States 
per square foot general expense 
of area covered. 0.064 lb. 
ase! Cost Data for Bridge Piers 
PLACING STAVES; 
Labor, foreman $4.00 per day 
One gang: CBYDeNTCIS, 2.4... % $8.00 to $4.00 per day 
Total cost $559.00 FOCK PMGM . 2 sk ee ss $2.50 to $2.75 per day 
Cost per foot of concrete men..... $2.50 per day 
pipe 0 0746 common laborers . $2.25 per day 
Greatest run per eS Cost per 
, day ooO Tt, Quantity Total cost cu.vd 
A = ee IS3 ft Excavation? 156 cu.yd. $396 47 $2.54 
Greatest cost per mag pT Concrete... . 326.6 cu.yd. 
; foot 0.110 Labor, mixing and placing $822.92 $2.52 
Lowest cost per SIOTIIAD 6 co aig serace! ; 133.05 1.32 
“foot 0 043 Material, cement 730.14 2 24 
, sand, gravel and 
PLACING BANDS rock 914.24 2 80 
co = forms 258.11 0.80 
lotal cost S055 00 steel 30.10 0.09 
Cost per band ; 0.033 Supplies. Sentai ais 163.30 0.50 
Average number Plant maintenance and 
placed per S-hr. 2 depreciation 784.19 2.40 
shift by two men 151 ' 
Greatest number Total $4,136.05 $12.67 
placed per 8 hr. , 
shift by two men 250 All items are exclusive of general evpense. 
Greatest cost per *Includes 7 cu.yd. earth 
band 20 05 92 cu.yd. compact gravel and clay 
Lowest cost per and boulders, 
band 0.02 57 cu.yd. solid rock. 
CINCHING BANDS.. Twocomplete cinchings 
ee S444. 00 The Aggregate Value of the Mineral 
Cost per band 0.0232 production of British Columbia for all 
Average number years to the end of 1911, according to a 
nched per 8 ae ; z 
chift t Sate hr. ae bulletin issued by Wm. Fleet Robertson, 
shift bv 2 me 227 coat ‘ , ; : 
Greatest’ number Provincial Mineralogist, is approximately 
cinched per S8-hr. $397,000,000. The aggrerate value. of 
shift b » en 339 ¢ ° ~ ~ 
Giant ee aes production for 50 years, 1852-1901, was 
treatest st pr > : : 
band $0 .031 $172,242,000; for ten vears, 1902-1911, it 
Least cost per band 0.016 was about $224,800,000. Of the value of 
RETOUCHING the mineral production for the whole 
BANDS AND period of 60 years for which figures ars 
SHOES on official record, just about 91° o1 
nearly one-third, is ? ‘ti F ‘ 
“yer e590 00 ( y ( the production of th 
Cost per band 5 0.0026 last five years. 
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Rules for the 
Measurement of Con- 


Proposed 


crete Construction* 


The following divisions are recognized 
separate and distinct items in concrete 
onstruction: 
1. Concrete. 
(a) Monolithie. 


(b) Structural Cast Concrete 


(b) Cast Conerete Trim and Orna- 
mental Work. 
(d) Sidewalks, Streets and Road- 


Forms 
Reinforcement. 
Surface Finish. 
The following general rules shall gov- 
the measurement of the above items, 
h exceptions where specifically noted: 
» All work shall be measured net as 
fixed or placed in the structure, 
(b) In no case shall nonexistent mate- 
il be measured to cover extra labor. 
(ec) No allowance shall be made for 
waste, voids, or cutting. 


1. CONCRETE 


(a) Monolithic Concrete: 

The unit of measure for all concrete 
shall be the cubic foot. 

All concrete shall be measured net as 
placed or poured in the structure or 
building. 

All openings and voids in concrete 
shall be deducted with the following ex- 
ceptions: 

(a) No deduction shall be made for re- 
inforcement bars, I-beams, bolts, etce., 
embedded in concrete, except where they 
have a sectiona! area of more than 1 
sq.ft. 

(b) No deduction shall be made for 
pipes or holes in concrete having a sec- 
tional area of less than 1 sq.ft. 

(c) No deduction shall be made for 
chamfered, beveled, or splayed angles to 
columns, beams, and other work, except 
where such chamfer, bevel or splay is 
more than 4 in. wide measured diagon- 
ally across the surface. 

Each class of concrete having a differ- 
ent proportion of cement, sand or aggre- 
gate shall be measured and described 
separately in accordance with the acces- 
sibility and location or purpose of the 
work. 

Concrete in different members of a 
building or structure shall be measured 
and described separately according to the 
amount of labor required in pouring 

Concrete with large stones and rocks 
embedded in it 
shall be measured as one item and de- 


(ceyclopean masonry) 


seribed according to the richness of the 
mixture and the percentage of rock 

In no case shall the measurement of 
conerete be held to include the forms 

In no case shall an excess measure- 
ment of concrete be taken to pay for the 
cost of forms or extra labor in placing. 

Concrete in stairs shall be measured 
by the cubie foot and shall include sur- 
face finish when the mixture is the same 
throughout. 

(4) Structural Cast Concrete: 

The term structural cast concrete is 
taken to include beam and slab construc- 
tion by the various unit systems now in 
yvooue. 


The unit of measurement shall be the 





*Committee Report before the National 
Association of Cement Users, Eighth An- 
nual Convention, Kansas City, Mo., Mar 
11-16, 1912. 








cubic foot, and this shall be measured 
net as provided for monolithic concrete 

The various members shall be meas 
ured on the ground before crection 

No measurement shall be taken of 
forms 

Reinforcement shall be measured sepa- 
rately as provided under reinforcement 

The unit of measure for erection shall 
be the pound weight of the finished mem- 
ber. 





Cast concrete with crushed stone or 
gravel aggregate hall be issumed to 
veizh 150 Ib. pe cu.tt 
(c) Cast Concrete 7T 1 Ornamental 

Work: 

Cast concrete building trim shall be 
measured b the cubic foot but the 
measurement shall be the smallest cube 


which will contain the piece measured 
und not the ictual let volume of the 
piece 
No allowance shall be made for forms 
Miter blocks for cornices, ete., shall be 
separately from straight 


molded work. 


measured 


Circular work shall be measured sepa- 
rately from other work. 

Vases, seats, pedestals, balusters and 
other similar items shall be taken by 
number and description. 

No allowance shall be made for rein- 
forcement. 

No allowance shall be made for surface 
finish. 

(d) Sidewalks: 

Sidewalks shall be measured by the 
square foot. 

The one measurement shall include 
concrete finish, lining in squares, and 
cinder or stone foundation. 

Curbs and curb and gutter work shall 
be measured by the lineal foot and sepa- 
rated according to character and size, 
and shall include foundations, forms, fin- 
ish, and cost of special tools if any 

In measuring curbs the full heignt, 
Width or thickness shall be taken. 

The measurement of sidewalks shall 
be taken the full width. 

Circular corners and curbs and gut- 
ters shall be measured separately by 
number, stating radius and length meas- 
ured on the curve. ? 

Vault lights shall be measured by the 
square foot, the measurement to include 
Beams 
under vault lights shall be measured by 


Zlass, forms, steel and _ finish 


the lineal foot. In measuring vault lights 
the measurement shall go at least 4 in. 
beyond the outside line of the glass in 
each direction. 


The unit of measure for form worl 


With the forms of fal: worl 
Forms shall in every case be measured 
and described as a separate item and in 


no case shall the measurement of con- 
crete be taken to include forms. 

Ne deduction shall be made in the 
measurement of surface of concrete sup- 
ported by forms because of forms being 
taken down and reused two or three 


times in the course of construction. 


The unit price for superficial measure- 
ment of forms shall be deemed to inelude 
the cost of struts, posts bracing ind 
bolts, wire ties, oiling and cleaning and 


repairing forms 
No allowance shall be made for angl 
fillets or bevels to beams and columns, 


ete but curved moldings sha]l be meas- 





ured and described separately as herein- 
after provided. 


hall be made for ope. hav n 
t Of ie than 25 i 
No ‘ au (+l hl i Loo! 
rm for } ds o 
No deductic l l ‘lumn 
l ler fort ) 1 
oss-beums t 
No allowanese shall ) ! oO 
( I »] I ) 
rubb I 
r} ri isu lent ol 
shall be the sum of tlt t 
s les ot eutl l } il j 
t ht om tl 0 » ut , 
floor slab above 
ri I ) ’ 1] 
e the net ler t by ur ¢ . 1 
plied t! su of t } nd 
twice the dept! elow the lah, ex pt 
for wall beams and other bean it an 
edge of floot Which shall have tt thick- 
ness of the floor slab added to twice the 
deptl 
Vall forms shall be measured f roth 


sides of concrete wall when forms 
required for both sides. 
Allowance shall be made by number 
for pockets left for future beams. 
Forms to octagonal, hexagonal, and 
circular columns shall be measured and 


described forms to 


separately from 
square columns. 

Caps and bases to columns and other 
ornamental work shall be measured by 
number and fully described over all di- 
mensions 

The curved moldings in form work 
shall be measured by the linear foot. 

Forms to circular work shall always 
be measured separately from forms to 
Straight work. 

No measurement or allowance shall be 
made in slabs or beams for construction 





joints to stop the day's concret 

Construction joints or expansion joints 
to dams and other large masses of con- 
crete shall, however, be measured. 

Forms to cornices shall be measured 
by the lineal foot, and the girth stated. 
(The term girth shall be taken to mean 
the total width of all curved and straight 
surfaces touched by the forms.) Plain 
forms to back of cornice to be measured 
separately. 

Forms to different parts of structural 
building shall be measured and deseribed 
separately according to their position in 
the building and cost and character of 
the work involved. 

Forms to window sills, copings, and 


similar work in situ shall be measured 
by the lineal foot. 

Forms to the upper side of sloping 
slabs such as saw-tooth roofs shall fe 
measured whenever the slope of such 


slab with the horizontal exceeds ar nel 


Of 2d 
Forms to the under side of stairs shall 
be measured by the superficial foot 
Forms to the front edge of the tairs 


shall be measured by the lineal foot 
Forms to the ends of steps shall 


measured by number of risers. 


3. STEEL REINFORCEMENT 


The unit of measure of steel reinforce- 


ment shall be the pound weight 

Steel rods for reinforcement shall 
measured the net weight placed 
building 

The weight shall be calculated 
basis of a square bar 1x1x12 in. w 
ing 3.4 Ib 

No allowance shall be 
margin 

No allowance shall b ma 
ting or waste. 
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No allowance shall be made for wire 
ties, Spacers, ete 

In estimating reinforcement the bars 
shall be measured by the lineal foot as 
laid All laps shall be allowed for 

The bars of each different size shall be 
measured and described separately, as 


also straight bars, bent bars, stumps, and 


hooping 


Wipe sleeves, turnbuckles, clamps, 


threaded ends, nuts, and other forms of 


mechanical bond shall be 
rately by 


measured sepa- 


number and size and allowed 
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the 
may 


square foot to lineal foot as the case 


require 
The following 


shall be measured by the 


square foot 
wash how 
with 


with 


Cement (state many 
carborundum 


wire 


coats). 
Rubbing 
Scrubbing brushes. 
Tooling 

icking 


Plastering, ete. 


The 


Reintorced - Concrete 
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north and south territorial highway then 
under construction. The then territorial 
engineer, J. B. Girand, proceeded to carry 
out the instructions and started the design 
of the bridge a year ago, and since then 
has begun construction. The bridge, 
which is described below, from informa- 
tion forwarded us by Mr. Girand, is 
somewhat out of the ordinary in design. 

Salt River at the location of the bridge 
is normally a small stream only about 40 
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; a 4 ; W ; i hr ne typice 
Wire cloth, expanded metal, folded Bridge at Tempe, Ariz. ft. in width, running through the typical 
fabric and other steel fabrics sold in sandy country of southern Arizona. It 
sheets or rods, shall be measured and de- The recently admitted State of Arizona lies in a wide valley some 1600 ft. from 
scribed by the square foot. The size of had under its territorial government an_ height to height of land, a large portion 
mesh steel ee apn oe ee PCr engineering department which comprised of which is filled at the time of occasional 
square foot sha ye Statec No allow- ps . ou 
See eae be made for waste. cutting, @ Well organized highway division. As a_ floods. It was, therefore, necessary to 
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Fic. 1. OUTLINE ELEVATION OF 


Deformed bars shall be measured sepa- 


rately from plain 


$4, SURFACE FINISH 


The 
crete 
Finish 


for 
the 
measured 


unit of finish of 
surfaces 


shall 
described separately. 


measure 
shall be 
always be 


cone- 
foot. 
and 


square 


shall be 
work after 
removing of forms and patching up voids 


No measurement or allowance 


made for over concrete 


going 
removing fins, et« 
Granolithic finish shall be 
the foot and shall 
labor materials fo 


and stone pockets 
measured by 
all 
specified 


include 
the 


square 
and 

thickness. 
Finish laid integral wiih the 

be measured 


slab shall 


separately from finish laid 


after slab has set. 
No allowance shall be made for protec- 
tion of finish with sawdust, sand or test- 


Ing 


Grooved surfaces, eurbs, et 
shall be measured 


granolithic and 


gutters, 
separately from 


shall be 
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Fic. DETAILS OF PIER 





7, TYPICAL OF 


spring of 1911 it was ordered by the 
board of control of the territory to build a 
bridge across the Salt River at Tempe, 
Maricopa County, about nine miles east 
of Phoenix, to carry the main line of a 








Halt Front Elevation 


SOLID-BOTTOM PIERS 


THE TEMPE REINFORCED-CONCRETE BRIDGE ACROSS THE SALT RIVER, NEAR PHOENIN, ARIZ. 


Structure to a distance of approximately 
1600 ft., and after a study of the situation 
it was decided to build a series of rein- 
forced-concrete arches, each 125 ft. in 
Sspane making a total length of 1507 ft. 9 
in. The decision to use concrete was 
reached largely because of the fact that 
convict labor could be used in the con- 
struction, thus reducing the cost of the 
bridge to superintendence and material. 

On account of the failure of two piers 
of a large railroad bridge about 500 ft. 
upstream from the proposed bridge site, 
it was decided that all piers and abutments 
of the new bridge should be built on bed 


rock. Test holes at intervals of 100 ft. 
along the center line showed that bed 


rock would be found at an average of 30 
ft. below the surface, except in the main 
channel at the north side of the river bed 
where the rock had a considerable sag, 
the greatest depth being 44 ft. below the 
surface. The general design finally de- 
cided upon and the profile of the river 
bed and the rock bottom is shown in Fig. 
1. As shown there, it was decided to 
make every third pier an abutment pier 
beginning with Pier 10 and extending to 
Pier 4. The remaining spans were equally 
divided by making Pier 2 an abutment 
pier. The intermediate piers did not re- 
quire a great width of base for bearing, 
and as the height of stream line above 
rock would require an amount of con- 
crete which would have been excessive in 
cost if carried down to bed rock, it was 
decided to use two steel cylinders of 6 ft. 
diameter, driven to rock under each inter- 
mediate pier. On account of the depth 
to rock, this same scheme was used for 
the south abutment foundation and for 
Pier 4, except that the number of cylin- 
ders was increased in these two. 
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Fic. 3. DETAILS OF PIER 1, TYPICAL OF CAISSON-FOUNDED PIERS 


Figs. 2 and 3 show the construction of 
two typical piers; Fig. 2 representing the 
abutment pier, No. 7, brought down to bed 
rock by solid construction, and Fig. 3 
showing one of the intermediate piers, 
No. 1, founded on the steel cylinders, The 
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Details of Crown Hinge Fastenings, Enlarged 





Part Top Plan at Crown 


abutment pier (No. 7) consists of two 
plinths of concrete 7 ft. wide, trans- 
verse to the bridge line, placed 6 ft. 
apart, and carrying on their top a solid 
section which is battered up to above 
the ground level where the skewbacks 
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Detail of Sway Braces, Enlarged r 
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to the bridge enter. This pier is re- 
inforced, as shown, only against pos- 
sible contraction or expansion § and 
not to carry any designed load. It will 
be noted that it is of peculiar design 
in that the main bearing portion, which 
is superposed on the two _ lower 
plinths, is overhung to a considerable ex- 
tent. 

Pier 1 (Fig. 3) is typical of the inter- 
mediate piers founded on the steel cylin- 
ders. These piers were constructed by 
excavating an open cut to the elevation 
shown at the top of the cylinders and 
then by sinking the steel cylinders to 
bed rock by the tubbing method. This 
tubbing method, as is well known, con- 
sists in placing the cylinders on the 
ground and excavating from them in 
open, allowing them at the same time to 
sink to the bed-rock level. When these 
cylinders reached the bed rock, they were 
filled with concrete and upon them was 
then built the solid block which forms 
the footing to the pier and on this block 
was placed the battered block shown, 
which varied in height according to the 
pier. The same peculiar skewback de- 
sign was placed on these piers as is 
shown on the solid abutment piers. In 
calculating the stability of the piers, the 
surrounding earth was not taken into 
account. 

The arch proper comprises two three- 
hinged segmental arch ribs placed 13 ft 
center to center and carrying the rein- 
forced-concrete slab roadway on span- 
drel columns. The design of the ribs is 
shown in Fig. 4. They are, as shown, 
there, segmental and have a depth of 36 
in. at each end and 40 in. at the middle. 
Their minimum thickness is 17 in. Near 
the ends they are widened out, having 
a thickness of 30 in. at the lower end and 
24 in. at the crown. These ribs are rein- 
forced with 1'%-in. round steel rods, 


DETAILS OF ARCH-RI8: CONSTRUCTION OF THE TEMPE BRIDGE 






















































580 


longitudinally connected by 3¢-in. round 
stirrups. The hinges at the pier 
consist merely of a rounded end fitting 
into a similarly rounded depression in the 
pier. Galvanized sheet metal is placed 
in the sockets to separate the concrete of 
the pier from that of the ribs. At the 


steel 
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masked by a concrete cover-plate. The 
bridge was designed to carry a 15-ton 
traction engine plus a live load of 100 


lb. per sq.ft. The maximum _ stresses 


allowed in the concrete are 700 Ib. per 
sq.in. compression and in the steel 16,000 
lb. per sq.in. in tension. 


As noted above, 
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crown the cast-iron hinge bearing on a 
4-in. pin is introduced. 

The cross-bracing for the arch rib is 
somewhat novel, as is shown in the right- 
hand part of Fig. 4. Here it will be 
noted that the bracing consists of a solid 
concrete strut cast in forms on _ the 
ground and set in its proper place on the 
arch ribs. At the locations of these 
cross-braces steel rods bearing a turn- 
buckle at the middle are introduced be- 
tween the two arch ribs during their con- 
struction. When the cross-bracing is to 
be placed, it is lifted into place from the 
ground and the face of the ribs having 
been chipped and rich mortar applied it 
is fitted into place. Then the turnbuckles 
are tightened until the rods connecting 
the ribs are as tight as possible and con- 
crete is then placed around the cross- 
braces, covering both the concrete strut 
and the turnbuckle rods, leaving the final 
section a 9x36-in. rectangle. 

The floor is carried by 12x12-in. span- 
drel columns placed about 11 ft. center 
to center and connected at the top by 
semicircular spandrel arches longitudin- 
ally with the bridge and transversely by 
girders, which latter carry a beam on the 
center line of the bridge. Semi-arch 
brackets cantilevered out from the span- 
drel columns carry the curb which is de- 
signed as a beam and which carries the 
floor balustrade between the brackets. 
The balusters are round posts 4 in. in 
diameter and are cast on the ground. 

The floor slab has a thickness of 7 in. 
at the center line of the bridge and 5 in. 
at the curb. Expansion joints are pro- 
vided for this floor at the crown of each 
arch. The hinges at the crown are 


View OF ONE OF THE SOLID-BOTTOM PIERS 


the entire construction is being carried 
out under the direction of Mr. Girand, 
State Engineer; and is being done by 
convict labor, under supervision of J. C. 
Ryan, Bridge Engineer. The work of con- 
struction was started in the summer of 
1911 and is progressing at a fair rate. 
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Field Compression Tests of 
Concrete 


By G. H. BAyYLes* 

In the spring of 1910 it became the 
duty of the writer to design and superin- 
tend the construction of a _ reinforced- 
concrete warehouse in the Borough of 
Brooklyn, City of New York, for the New 
York Dock Co. At that time the build- 
ing regulations of the borough fixed the 
limit of compressive stress of concrete 
in flexure at 500 Ib. per sq.in. in the outer 
fiber, with other similarly low unit 
stresses. From previous experience these 
stresses seemed to the writer too low, but 
the borough regulations could not be trans- 
gressed, so it was necessary to design the 
biildings under these specifications. With 
a view, however, to establishing some 
authentic strength value of field-made 
concrete for use in determining the safe 
allowable unit stress and also to give 
some criterion of strength by which the 
time for form removal might be de- 
termined, the author decided to carry on 
during the construction of this and ad- 
jacent similar reinforced-concrete build- 
ings a complete series of field tests on 
concrete cubes made from the concrete 
as it was placed in the forms for the 
buildings. Through months, tests 
were regularly made and proved very 
useful to the contractor and to the super- 
intending engineer in determining the 
time for form removal. 

On the first contract the tests were put 
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Fic. 6. VIEW 


OF 


Electric Trunk Railway Operation is 
actively being planned for in many of the 
German. states. Prussia, Bavaria and 
Baden have led in this planning, and 
Saxony is about to consider the subject. 
The Bavarian and Baden state railways, 
it is now stated, have adopted as stand- 


ard the single-phase system, with 15,000 
volts trolley-line potential and 16% 
This is the same standard 


adopted for the Prussian development. 


cvcles 


frequeney. as 


PIER 7 


UNDER CONSTRUCTION 


in charge of the two inspectors, both of 
whom were trained experts in the mak- 
ing and placing of concrete. One super- 
intended the preparation of the concrete 
and the other placing it in the forms in 


*Assistant to J. W. Galbreath, Con- 
sulting Engineer, care of New York 
Dock Co., foot of Montague St., Brooklyn, 
mm X. 
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the building, and as the work went on 
they collaborated in making the cement 
tests and concrete-cube tests which are 
the subject of this article. On the sec- 
ond contract, where more concrete was 
made in a much shorter time, four in- 
spectors were constantly on the work. 
One gave all his time to testing cement 
and concrete, another inspected the mix- 
ing and proportioning of the concrete and 
a third the placing of the steel and con- 
crete in the forms. The fourth inspector 
had general charge of the work. 


FN 
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Fic. 1. GANG MOLD FoR 4-IN. CUBES 


In the first place the regulation tests 
for the cement were made. These in- 
cluded tests for constancy of volume, 
fineness, time of setting, initial and final, 
and specific gravity. In addition to the 
foregoing compression tests of 1:2 mor- 
tar were made on 4-in. cubes. In similar 
work in the future the writer will not 
undertake to make the tests for initial and 
final set, because the temperature con- 
ditions in field tests are so variable as to 
render these determinations irregular and 
of little value. Of all the tests those on 
the mortar cubes -were the most valuable. 

For these tests, and the field concrete 
tests, a gang mold for four cubes was 
made of lumber by a carpenter on the 
job. Fig. 1 shows the molds as made. 
They were not of particularly fine work- 
manship, but measured up quite accu- 
rately in their surface areas. The sand 
used for these cement tests was taken 
from that used on the job and washed 
perfectly clean. Screen tests showed 
about 21‘7 retained on the 20-mesh sieve, 
27‘°% on the 30-mesh sieve and the re- 
mainder passing through the 30. These 
percentages held approximately for all 
the sand used in the work. The mortar 
was mixed and placed by hand, using 
sufficient water to make a medium wet or 
plastic mortar that was readily puddled. 
Two cubes were made for each test. One 
was crushed after 24 hours in the damp 
closet: the other, when taken from the 
damp closet, was submerged in water and 
crushed after six days there, that is seven 
days in all. The average strength of 173 
tests on the first job was 448 Ib. per 
sq.in. in 24 hours and 2075 Ib. per sq.in. 
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in 7 days. On the other job a total of 
198 tests averaged 570 Ib. per sq.in. in 
24 hours and 2025 lb. per sq.in. in 7 
days. It is sufficient to say of all other 
tests that they answered all of the re- 
quirements prescribed in the standard 
tests in use in this country and that no 
car of cement was rejected. 

Table III shows the maxima, minima 
and averages of these laboratory tests on 
cement mortar, the tests being averaged 
in blocks of about 50 to show the effect 
of temperature on the strength. 
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UseD IN FIELD COMPRESSION TESTS 


In addition to these cement tests, 
strength tests were carried on with 4-in. 
cubes taken from the concrete as it was 
placed in the forms. For these tests the 
gang mold described above was used. A 
set of four cubes was made every day 
that concrete was poured, and sometimes 
twice a day. The concrete was taken 
from the concrete buggies as it was being 
poured into the forms and was immedi- 
ately placed in the cube mold and pud- 
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Fic. 2. WATER-MEASURING DEVICE FOR 
CONCRETE MIXING 


dled with a small trowel. There was no 
excessive puddling, as’it was intended to 
approximate working conditions as nearly 
as possible. The mold was then placed 
in the damp closet and kept there for 24 
hours, when the form was removed, one 
cube crushed, and the three others sub- 
merged in a pan of water. One of these 
three was broken after seven days—one 
day in the damp closet and six in water— 
and another at the end of 28 days. The 
additional cube was removed from the 
water at the same time and laid aside to 
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be crushed at a later date. These latter 
cubes were crushed on the completion of 
each job, making the age of the cubes se 
crushed range from 41 to 336 days. 

The cubes were tested to failure in a 
hydraulic compression-testing machine of 
50-ton capacity, which was kept on the 
work. On the second job an additional 
gage, reading only to 10 tons, was put 
on the machine for use with the newer 
cubes, whose total strength was below 
that amount. The regular 60-ton gage 
was used for all other readings. As the 
faces between which the cubes were 
crushed were fixed parallel, three thick- 
nesses of blotting paper were used top 
and bottom of the cubes to equalize 
variations of their surfaces. After the 
first dozen tests were made it was noticed 
that two sides of the molds were more 
nearly parallel than the others. By 
crushing on these sides better and more 
nearly uniform results were obtained. 

On account of some high values which 
were obtained at the beginning of the 
work suspicion was directed toward the 
accuracy of the machine, but comparisons 
of the cubes by testing on an accurately 
gaged machine at the testing laboratory 
of Columbia University showed that the 
small hydraulic press used on the work 
was correct within reasonable limits. 

The concrete was prepared as a 1:2:4 
mixture and each batch consisted of two 
bags of cement (1.9 cu.ft.), 3.8 cu.ft. of 
sand and 7.6 cu.ft. of broken stone, the 
sand and stone being measured approxi- 
mately in wheelbarrows. The cement was 
of standard manufacture, one brand being 
used on the first job, July, 1910, to May, 
1911, and a different brand on the re- 
mainder. The sand was what is known 
in New York as “Cow Bay,” washed, and 
the stone a Hudson Palisades trap, com- 
mercial 34-in. size. In mixing the ma- 
terial at first the aggregates were all put 
into a hopper, the trap opened and the 
batch pushed into the mixer; then water 
was dipped with a pail from a barrel and 
splashed through the hopper into the 
mixer. The hopper was then closed and 
while the next batch was being prepared 
the mixer was revolved twelve times and 
dumped. This method produced concrete 
of such varying degrees of consistency 
that the plan shown in Fig. 2 was sug- 
cested to the contractor and immediately 
irstalled. By this method the water 
flows constantly or nearly so _ from 
a 34-in. pipe into the upper barrel; from 
this barrel a 1'4-in. pipe with quick- 
operating-lever gate valve leads to the 
lower barrel. To the bottom of the lower 
barrel a 3-in. pipe, also fitted with quick- 
opening valve, leads into the mixer under 
the hopper trap. A number of small 
holes were bored in the side of the lower 
barrel. By trial the right amount of 
water for a batch of concrete was de- 
termined and all the holes below the line 
corresponding to that amount plugged. 
Only the inspector at the mixer was 
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allowed to vary this amount. After all 
the dry material had run into the mixer, 
which it did more readily since the hopper 
always dry, the hopper trap was 
closed and the 3-in. valve opened. Only 
a few seconds was required to empty the 
barrel, when the 3-in. valve was closed, 


Was 


the 1'2-in. valve opened and the water 
allowed to run until it had filled the lower 
barrel to the holes in the side, which 


served both to call the attendant’s atten- 
tion and to drain off surplus water. By 
this method a satisfactory mixture was 
achieved and the time of mixing reduced 
by at least a third. 
concrete in place and stone on the scows 
indicated that the ‘volume of stone used 
about 97 that of 
produced. 

The tests were carried on from August, 
1910, to December, 1911, being 
made nearly every day except during the 
month of February, 1911, when no work 
was done on account of inclement 
weather, and from the completion of the 
first job in May, 1911, to the beginning 
of the second in July following. During 


Measurements of 
was 


the concrete 


tests 





Fic. 3. TyPICAl 


Concrete cubs on left 


the latter part of December, 1910, and 
throughout January, 1911, the sand and 
water used in making the concrete were 
heated so that the batch had a tempera- 
ture of 60° to 65° F. when placed in the 


forms. Table I, reproduced herewith, 
shows a typical record for one of the 
months during this time. The records 


were kept in total tons on a 4-in. cube, 
but for convenience of comparison are 
given here in Ib. per sq.in. 

Table II shows the resumé of all tests 
from August, 1910, to December, 1911, 
the tests for each calendar month being 
averaged on one line. 

While there was considerable variation 
from the maximum to the minimum, most 
of the cubes crushed near the average, 
and reference to the final results indi- 
cates that the variation was probably due 
more to the method of testing than to 
the quality of the concrete; for while a 
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cube crushed after 24 hours may have been 
below the average, the cube of the same 
set broken after 28 days or longer was 
about as often above the average as below 
it and And it seems evident 
that the actual strength of the concrete 
and the strength which can be safely 
counted on in construction is rather above 
than below the average of the 
made. 


vice versa. 


tests 


Another notable result was the varia- 
tion due to change of temperature. The 
laboratory was only heated sufficiently in 
the daytime for the inspector to do his 
work and the hydraulic press was pro- 
tected by covering with a tarpaulin and 
placing a lamp under the tarpaulin to pre- 
vent During the winter the 
water in the pans where the cubes were 
kept froze over several times, so that the 
temperature surrounding the cubes re- 
mained for weeks at a time close to the 
freezing point, varying only with general 
changes of weather. The temperature of 
the damp however, varied more 
nearly with the daily variations and the 
results of the 24-hr. showed a 


freezing. 


closet, 


tests 


Sede, teeta cde 


CUBES AFTER TESTING 


Mortar cube on right 

greater range accordingly. In one in- 
stance the concrete had taken so little set 
at the end of 24 hours that one cube was 
broken in removing the mold. The 
crushing load in cold weather was often 
below 200 lb. per sq.in. and in one case 
was less than 100 lb. In warm weather, 
on the other hand, the strength ran corre- 
spondingly high, many cubes showing 
above 750 Ib. per sq.in. and with a maxi- 
mum of 875 lb. Individual tests on the 
older cubes showed a closer approxima- 
tion to the monthly averages and these 
also varied less noticeably from the gen- 
eral average. 

These figures are presented in the hope 
that they may be of some help in solving 
the problems that are continually arising 
in the design and erection of concrete 
structures, and also in the hope of en- 
couraging others to make and report 
similar or other tests. 
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TABLE IT. SHOWING RESULTS OF TESTS 
FOR ONE MONTH ON 4-IN. CUBES 
OF FIELD MIXED CONCRETE 
Results were recorded in tons on a 4-in. cube, 
but are given here in Ib. per sq.in. for con- 
venlence of Comparison 








Final 

Strength in strength 

Ib. per sq.in. Lp. 

28 Age, per 
Cubes made 2thr. 7days days days sqa.in. 
9—- 6-10 S75 1975) 3500) 316 5000 
9—- 7-10 13S 1694 2500 316 3875 
a £46 ob? 1500 3125) 318 1375 
9-1 10 52 375) «6312506 (B08) 4813 
9-14-10 500 i875 ¢ 307 1WL5 
9-14-10 aS 1625 307 1063 
9-15-10 750 IS7T5 3807 6250 
9-15-10 O25 2025 306 S13 
9-16-10 963 2250 306 5563 
9-16-10 600 21TSS 305 5000 
%-17-10 STD 1500 304 5250 
9-10-10 S00 303 5250 
9-20-10 OSS 302 1500 
9-20-10 S13 301 1500 
9-21-10 425 300 4938 
9-21-10 nH 301 150 
9-22-10 562 2500 294 5873 
9—22-10 500 S75 82937 299 J37E 
9-23-10 750 2250 2688 298 5375 

Q—23-10 137 000 3125 

Q—? 4-10 500 2250 3125 299 1688S 
9-26-10 Loon 1750 2500 QT 168S 
9-27-10 600 IS7T5) = 3500 G4 11SS 
9-27-10 S75 IS75 3125 OH 4625 
9-28-10 ob2 1575 2750 294 3750 
9—? 4-10 500 063 3000 999 150 
9-30-10 j62 I8SsS 2875 293 1125 
Average bO9 1955 302 A789 





#30 hours 
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TABLE II. SHOWING STRENGTH IN COM- 
PRESSION OF 4-IN. CONCRETE CUBES 
FROM FIELD MIXED MATERIAL 
(Each line represents the average of all cubes 

made in one month. 
Final 
strength in 
Num- Strength in lb. per sq.it 
her Ib. per sq.in Lb 
Month of 24 28 Age, per 
made Tests hr. 7 days days days — sq.ir 
1910 
Aug. 12 469 1386 2813 330 4339 
sept 27 609 1955 3259 302 4789 
Oct 16 398 1725 2578 271 1200 
Nov 21 300 1789 3252 246 51038 
Dec 13 256 2015 3933 214 515] 
1911 
Jan 13 233 1565 2943 188 4479 
Mar IS 246 2263 1434 LIS) 6015 
Ap! LS aio 2467 1475 S5 55SS 
May 1 656 O81 1125 57 4859 
July 10 6SL 1550 2937 149 4406 
tdays 
Aug 21 603 1256 164 106 3995 
Sept 22 307 1205 2477 #%+117 4196 
(oct 21 1O5 934 2214 Ss 3950 
Nov. 1-14 i. i 538 1938 64 3387 
7 days 
Nov. 15-30 9 193 977 1972 9 3042 
Dec 2 367 S44 1690 11 970 
TABLE III. LABORATORY TESTS OF 1:2 
CEMENT MORTAR 
Strength in 
lh. per sq.in 
No. of Cubes made 24 hours 
tests Irom To Min. Max. Ave. 
50 S-17-10 10- 3-10 375 1250 720 
5O 10O—- 3-10 11-21-10 LS6 1250 SSS 
a0 11-21-10 1-25-11 SS 137 1S6 
oe 1-25-11 3-16-11 38 ISS 130 
Li73 17-10 3-16-11 38 1250 1418 
50 7-11-11 S&—24-11 900 1125 S866 
19 8-24-11 9-22-11 S75 1250 653 
50) 9-22-11 10-21-11 350 S44 105 
[Osun 10-21-11 11-25-11 95 75) «0-245 
198 7-11-11 11-25-11 95 1250 570 


Strength in 
lb. per sq.in. in 





No. of Cubes made 7 days 
tests From To Min. Max. Ave. 
50 S—17-10 10— 3-10 1675 3500 2426 
50 1O- 38-10 11-21-10 1675 3250 2473 
50 11-21-10 1-25-11 875 2500 1472 
ae 1-25-11 3-16-11 1125 2000 1489 
L73 17-10 11 875 3500 2075 
50 7-11-11 11 1563 3250 2294 
19 8-24-11 2-11 1500 2875 098 
50 9-22-11 21-11 1688 2813 21038 
19 10-21-11 25-11 1375 2375 1865 
198 7-ll-11 11-25-11 1375 3250 2025 
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Sanitary Engineering at 
Harvard University* 
By GeorGce C. WHIPPLE7 


The Graduate School of Applied 
Science at Harvard University is founded 
upon the basic principle that engineer- 
ing, using the word in the larger sense, 
is one of the learned professions; that 
the education required of one who enters 
this profession should be not only scien- 
tific and technical, but broad and human- 
itarian. The engineer of today must not 
only know the underlying principles of 
the mechanical sciences and be conver- 
sant with the details of his special work, 
but if he is to become the director of 
great enterprises he must have the power 
to think logically and reach conclusions 
quickly, write clearly and speak forcibly 

not to mention such moral qualities as 
honesty, enthusiasm and that vague 
something termed personal magnetism. 
Some of these qualifications are inherent 
in the individual, some come with experi- 
ence; but the power to think and speak 
and write should be a matter of early 
training, the knowledge of scientific prin- 
ciples should be acquired by the matur- 
ing mind and the application of these 
principles made the last step in the edu- 
cational process. The instruction in ap- 
plied science in its utilitarian aspect 
should be carried only far enough to il- 
lustrate general principles and to enable 
the student to take up some particular 
line of work intelligently and with such 
a degree of skill that he can earn a rea- 
sonable income during the early years 
after graduation, when he is getting his 
real experience in his chosen profession. 

It is partly in response to the world’s 
demand for broad-minded engineers, and 
partly because science itself is becoming 
so broad and its branches so interwoven, 
that the applied sciences are being taught 
more and more as graduate courses in 
our universities, and that the technical 
schools are looking forward to longer 
courses than the usual period of four 
years. The problem is everywhere the 
same—how to obtain a proper balance 
between breadth of study and specializa- 
tion. That specialization has been some- 
what overdone in the past seems to be 
the verdict of employers; on the other 
hand, it is equally true that in the at- 
tempt to combine various sciences relat- 
ing to one vocation there has been some- 
times too great a dispersion of thought 
and interest. 

Sanitary engineering is one of the 
fields where there is great danger that 
the students’ energies may be spread out 
too thin. For this branch of engineering 
is one that invokes the aid of many 

*From Bulletin of the Society for 
the Promotion of Engineering Educa- 
tion, January, 1912. 

‘Professor of Sanitary Engineering, 


Harvard University. Cambridge Mass., 
and 103 Park Ave., New York City. 
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sciences. Not only must the sanitary en- 
gineer be versed in mathematics and 
mechanics, but he must have a working 
knowledge of perts of chemistry, biology, 
bacteriology, microscopy, meteorology, 
geology, hygiene, preventive medicine 
and vital statistics. Unlike other branches 
of engineering, sanitation is concerned 
not alone with iron and stone and other 
inert building materials, but with organic 
matter and living things. The purifica- 
tion of water and sewage is due largely 
to biological action, and the knowledge 
of bacterial processes is scarcely less 
important to the sanitary engineer than 
that of the laws governing the flow of 
water in pipes and the strength of ma- 
terials. While this is acknowledged, it 
is also true that, first and foremost, the 
Sanitary engineer must be an engineer 
and the collateral sciences subordinated 
to the main issue. In arranging the new 
courses in sanitary engineering at Har- 
vard University this idea has been 
dominant. 

But sanitary science is becoming so 
important that there is room not only for 
the engineer but for the sanitary special- 
ist, for the man who devotes his energies 
to the chemical and biological problems 
apart from engineering design. Men of 
this type are now doing useful service, 
but the need for such men is limited in 
number when compared with those re- 
quired to build and operate water-works 
and sewage-disposal plants, lay out 
streets and keep them clean, ventilate 
cars and buildings and otherwise apply 
the principles of engineering to public 
hygiene. Many young chemists and 
bacteriologists have become successful in 
the operation of engineering works, as, 
for example, water-filtration plants, but 
it has been because they have obtained 
their engineering knowledge in the school 
of experience; on the other hand, some 
who have been ambitious in this direction 
have soon reached the limit of their 
ability. Such positions are best filled by 
men of adequate mechanical-engineering 
training, with a knowledge of chemistry 
and biology sufficient to enable them to 
make the necessary routine analyses. 

Besides the sanitary engineer and the 
specialist in sanitation, the world today 
needs—and the need is very great—a 
kind of man just beginning to make his 
appearance—the sanitary executive, or, 
as he is more often called, the health 
Gfficer. There are already many so called 
health officers serving on boards of 
health. Some of these men are great 
leaders, well worthy of the honorable 
positions they hold, but the rank and file 
of them are ill fitted for their important 
task. Our public-health machinery was 
installed when the hygienic wisdom of 
the town was wrapped up in the family 
doctor and when the physician was the 
logical custodian of the public health. 
With the growth of the science of bac- 
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teriology and preventive medicine and 
the application of engineering all this is 
changed. The ability to diagnose a case 
of smallpox and keep a record of deaths 
is no longer a sufficient qualification for 
the health officer of even a village, while 
the growth of our cities is continually 
demanding that the man in charge of the 
public health of so many people shall 
be an expert in his line. 

Medical training alone does not fit 
men for this service. The problem of 
curing disease is quite different from the 
problem of preventing disease. The 
former deals with human beings as in- 
dividuals; the latter considers them as 
units of a mass. The prevention of dis- 
ease involves mathematics; statistics re- 
lating to the sick and the dead must he 
constantly and daily used in order to 
show what forces of disease are at work, 
and where the attack is next likely to be 
made. It involves engineering; for the 
public must be protected against impure 
air and infected water, streets must he 
cleaned and garbage removed. It involves 
chemistry; for the public must be pro- 
tected against the sale of adulterated and 
poisonous foods. It involves bacteriology; 
for infectious diseases must be diagnosed 
and antitoxins provided. It involves law; 
for the health officer must be able not 
only to discern evils but to eradicate 
them. But the duties of a health officer 
should not be entirely repressive and 
punitive. There is a positive side. His 
department should be an _ educational 
force in the community, constantly in- 
structing the people in the arts of hygiene 
and in the principles of right living. 
Many believe that this educational func- 
tion of the health officer is one of the 
most important of his duties. 

Harvard University aims to provide in- 
struction for sanitary engineers, for those 
who desire to become specialists in sani- 
tation and for those who desire to be- 
come public-health officers. This work 
is just beginning and the courses first 
provided and now being given are in- 
tended primarily for students of engi- 
neering and for those who are candi- 
dates for the degree of doctor of public 
health in the medical school. Later it is 
planned to broaden the field. 

The headquarters of the sanitary-engi- 
neering course is in Pierce Hall, Cam- 
bridge, where, during the past summer, 
a laboratory was fully equipped for the 
analysis of water, sewage, air, filter sand, 
etc., and for tesearch work in water 
filtration and sewage purification. A part 
of the latter work will be carried on in 
the field at various plants scattered 
through the state, thus putting the stu- 
dent in contact with actual works in op- 
eration. The instructing force includes 
a professor of sanitary engineering and 
two instructors in the laboratory, one a 
specialist in bacteriology, the otner, in 
sanitary chemistry. 
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Two courses are offered during the 
present academic year. The first is a 


course in sanitary 
engineering, inteiuded for civil engineers 
who do not to specialize in this 
direction, for snedical 
school, and for other properly equipped 
graduate students in the university. This 
is: 2 and recitation course with 
little laboratory work. The topics to be 
water supplies and water 
purification; rainfall and runoff from 
watersheds; storage of water; stream 
pullution; sewerage and sewage disposal; 
garbage disposal; street cleaning; dis- 
posal of trade wastes; plumbing; venti- 
lation; public health; vital statistics; ap- 
plications of biology and chemistry. 

The second course is a_ specialized 
course intended primarily for engineers 
who intend to practice sanitary engi- 
neering. It consists of three parts. Part 
A is a course of laboratory work in the 
physical, chemical, microscopical and 
bacteriological analysis of water and 
sewage, air analysis, analysis of filter 
sand, etc. It is given during the first 
term and is in charge of the instructors. 
Part B is a continuation of Part A and 
is largely a research course, involving 
original investigations and field work in 
subjects connected with water purifica- 
tion, stream pollution, sewage purifica- 
tion, and the disposal of factory wastes. 
It is given during the second term and 
is in charge of the professor of sanitary 
engineering and the instructors. Part C 
is a course in sanitary design which will 
be taken up in connection with, and as a 
supplement to. the course in the theory 
and design of structures given by Frof. 
George F. Swain. It is devoted par- 
ticularly to the design and operation of 
water-works, filter plants, sewerage sys- 
tems and sewage-disposal works. It is 
given during the second term and is in 
charge of the professor of sanitary engi- 
neering and an instructor in civil engi- 
neering. Those who wish to devote par- 
ticular attention to this phase of the sub- 
ject may omit the laboratory work and 
devote equivalent time to problems of de- 
sign. On the other hand, those who wish 
to devote their attention specially to the 
laboratory work may omit the course in 
sanitary design. It is not expected, how- 
ever, that candidates for the degree of 
civil engineering will do this. 

No special degree is given in sanitary 
engineering, but the courses above re- 
ferred to are accepted as a part of the 
work specified for the degree of Master 
in Civil Engineering (M. C. E.), 
being in accord with the idea advanced 
at the beginning, that the sanitary engi- 
neer should be an engineer. 

During the early years, while the num- 
ber of students is comparatively small, 
will be thrown open to 
qualified students not candidates for the 
master’s thought that en- 
who desire 
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to take up some particular line of re- 
search wili avail themselves of this op- 
portunity. 

The Harvard University Medical School 


now offers courses leading to the de- 
gree of Doctor of Public Health (Dr. 
P. H.). Although candidates for this 
degree are rececmmended to take the 


medical courses by way of preparation, 
these are not demanded as prerequisites 
and arrangements will be made _ for 
specialization in sanitary engineering, 
sanitary chemistry, or sanitary archi- 
tecture. The aegree will be given after 
four years’ work in such branches, or, 
in the ease of medical graduates, after 
one year’s work, provided that the last 
the medical school has 
included certain foundation studies, such 
as advanced bacteriology, protozoology 
and preventive medicine. The ability to 
conduct original research is considered 
essential for the attainment of this de- 
gree. It is the intention of the university 
to maintain the scholarship involved in 
acquiring this degree at the highest pos- 
sible standard, the object being to edu- 


year’s work in 


cate men for leadership in sanitary 
science. Dr. M. J. Rosenau, Professor 


of Preventive Medicine and Hygiene, is 
chairman of the faculty committee on 
the degree of Doctor of Public Health. 

For those who desire to fit themselves 
as health officers, it is believed that the 
course in sanitary engineering, supple- 
mented by certain courses in the medi- 
cal school, the law school and _ the 
university, made possible by the free 
elective system in vogue at Harvard, will 
furnish an admirable training. 


Oil Burning in Boiler 


Furnaces* 
By E. W. KEeRr+ 


In general, it may be said that boilers 
using oil as fuel have higher efficiency 
than those using coal. This is due to the 
greater ease of burning the former with- 
out the losses which are more or less un- 
avoidable in coal burning. 
consist mainly of those due to incomplete 
combustion and air. In coal 
burning there is also danger of incom- 
plete combustion, due to the fact, even 
when “excess air” is supplied, that there 
are still portions of the fuel bed so in- 
accessible as to not get sufficient oxygen 
for the formation of CO:. 

In oil burning, there being no thick bed 
of fuel and with the fuel thoroughly 
atomized, there is every facility for per- 
fect admixture of all the air admitted and 
with the least 
possible “air excess” is secured. It is 
interesting to note that all of the high 
records have been accompanied by very 


These losses 
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so complete combustion 
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low excess air. The following table gives 
the results of tests showing the perform- 
ance of a number of oil-burning plants: 


Calori- 
si fic Boiler 
Type of value Water evaporated per eflici- 
Boiler — of oil pound oil ency 
1. H.R.T.. 19,456 15.32 (Ave. of 8 tests) 78.5 
2. Water 
tube. . 15.4 79.8 
3. Water 
tube 
Redon- 
do, 
Cal.) 18,184 15.15 (Ave. of 8 tests) 80.47 
4. Water 
tube... 17,953 14.42 78.53 
5. Water 
tube.. 17,425 14.61 80.97 
The above figures, reproduced here 


from data given in various engineering 
journals, show performances better than 
the average and are given to show what 
may be accomplished by carrying out the 
proper principles in the design and opera- 
tion of oil-burning plants. Most of them 
are averages of a number of tests made 
by reputable engineers. 

The all-important question is: What 
conditions must be met in order to secure 
the highest possible efficiency? Among 
the factors affecting the question may be 
mentioned the following: (1) Complete- 
ness of combustion, (2) quantity of air 
in excess of that theoretically required, 
(3) type of burner, (4) form and volume 
of combustion space, (5) cleanliness of 
the heating surface. 

At a recent meeting of the American 
Society of Mechanical Engineers, in San 
Francisco, the subject of oil burning was 
discussed very fully, ten papers being 
read upon the subject and some twenty 
engineers entering into the discussion. It 
is interesting to note the great stress laid 
upon the matter of reducing the excess of 
air to a minimum. In fact, it would seem 
that the increased efficiency possible in 
oil burning may be attributed to this, and 
that most of the factors enumerated 
above have their importance in the man- 
ner in which they affect this one item. 

The type of burner is of importance 
mainly in this matter of the quantity of 
steam it requires for atomization of the 
oil and, in general, any burner will atom- 
ize the oil if sufficient steam is supplied 
to it. On-the basis of an equivalent 
evaporation of 15 lb. of water per pound 
of oil, steam for atomizing equal to 5°: 
of that generated would be equivalent to 
15 x 0.05 0.75 lb. of steam per pound 
of oil fired, and similarly for other per- 
centages. 

In the tests made by the U. S. Naval 
Liquid Fuel Board in 1904 the steam re- 
quired for atomizing varied from 1.757 to 
10.81°° of the total generated. In these 
tests a large number of different burners 
was used. Average good practice seems 
to be in the neighborhood of 3.5% to 4% 
for atomizing, although the best practice 
ranges from 1.5% to 3° At the Re- 
dondo plant in California the average 
steam for atomizing in seven tests was 
2.15° of the total generated. It should 
be said that the steam used for this pur- 
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se will vary greatly with the same 
urner. 

By reducing the steam required for 


tomizing there would be a direct saving 

the cost of fuel for a sugar factory, 
rinding 60,000 tons of cane, of approxi- 
ately 0.01 11,500 115 bbl. of oil 
per season for each 1‘~ of decrease. This 
calculation is based upon an oil consump- 
tion of 8 gal. per ton of cane. According 
to the figures given above, there is a dif- 
the best and the 


practice of, say, 10.5 1:5 9%. 


worst 
This 
vould result in a very material difference 
in the economy of the plant. In addition 
to the direct consumption of steam for 
atomizing discussed above, there is an 
additional loss, which is due to the fact 
that heat is required to superheat this 
steam to the temperature of the stack. 
So far, the effect of the type of burner 
on efficiency has been discussed only 
from the standpoint of its effect upon the 
amount of steam it requires for atomiz- 
ing. It is evident that that burner which 
atomizes the oil and divides it most finely 
will facilitate most the thorough mixture 
of the air and the burning oil and that 
this, in turn, will result in a minimum ex- 
In fact, the oil must be vapor- 
ized—that is, converted into a gas— 
before it is burned and, of course, the 
division accomplished in the 


ference between 


cess air 


finer the 
atomizing process the more speedy the 
gasification. 

This vaporization may be aided by 
either or both of two methods, viz.: pre- 
heating the oil before it is delivered to 
the burner or by preheating the air used 
in combustion. The former is a common 
practice, especially where the heavier 
crude oils are during cold 
weather. By heating the oil its viscosity 
is reduced and this, in turn, aids in atomi- 
zation and vaporization. The heating is 


used, and 


generally done by means of a heater 
similar to that used for heating feed 
water, with exhaust steam from the oil 


pump. 

The writer has been unable*to secure 
trustworthy experimental data upon the 
economy effected by preheating the oil or 
he air. oil, if the 
perature is raised too high, will 
and result in de- 
posits of carbon in the piping and 
burner. This wili give much trouble. If, 

ever, the 
temperature of the oil 
point there will be no trouble 
Thus the fuel from which 
the more volatile oils have been removed, 
may be preheated to higher temperatures 
than crude oil without trouble from car- 
bon. deposits in the supply pipe. 

Beaumont oil (fuel oil) used in the 
tests by the Navy Liquid Fuel Board hada 
flash point of 216° F. Average crude oil 
from the same fields has a flash point of 
180° F. California oil (fuel), used also 
in the Navy tests, had a flash point of 
311° F. and a residium mixture of Cali- 
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fornia and Texas oils a flash point of 
2i0° F. 

The type of burner, however, has little 
to do with the economy of oil burning 
compared with the design of the furnace. 
In the first place, a large volume of fur- 
nace is necessary. No matter how well 
the atomizing process is accomplished by 
the burner, a certain amount of time is 
required for gasification and a mixture of 
the air and the particles of fuel. By en- 
larging the volume the time of passage 
through the combustion space is length- 
ened. 

The combustion space may be enlarged 
by increasing the cross-sectional area or 
by increasing the length. Theoretically, 
these two methods fulfill the requirements 
equally well, provided the volume is the 
same. In other words, a short furnace 
with a large cross-sectional area would 
produce the same effect as a longer fur- 
nace with a small cross-sectional area. 
The velocity of the current would, how- 
ever, be greater in the long narrow fur- 
nace, and more draft would be required 
with this arrangement. In the case of 
horizontal tubular boilers, where the 
under side of the boiler shell constitutes 
one wall of the combustion space, the 
long narrow arrangement will bring a 
larger proportion of the gases in contact 
with water-cooled heating surface prior 
to combustion, a thing always to be 
avoided when possible. 

On the other hand, the entire combus- 
tion space is more likely to be effective in 
the narrow furnace—that is, there is less 
likely to be short-circuiting of the gases 
across portions of the furnace. It may be 
said, however, that the latest practice 
tends to approve the short and wide ar- 
rangement. 

With very wide furnaces, in some cases, 
baffle and arches have been built 
in for the purpose of compelling a thor- 
cugh filling of the combustion 
space, the former by scattering the flame 
and the latter by holding the flame in the 
front part of the setting. Present prac- 
however, not to favor these 
burner be depended 
by its fan or cone-shaped flame, to 


walls 


entire 


tice seems, 
adjuncts, the 
upon, e 
Ciffuse che gases through the entire space. 


It is 


me 


important in designing an oil fur- 


ace to arrange so that the flame is wel! 
distributed and 


latter is subjected to 


over the heating surface 
the 


local jets of flame. as it is verv 


that no part of 


intense 


easy to injure the metal materially in this 


manner. This, in fact, is one of ‘the 
hermful effects which result from the 
haffles and walls mentioned above. 

One of the most effective and satis- 


factory arrangements is to have the floor 


of the furnace gradually slope upward 
from the front of the furnace to the 
bridge wall, in some cases paved and 


smooth and in other cases made of brick- 
bats piled loose. Either of these con- 
structions throws the flame to the heating 
surface and at the same time at such a 


small angle as to insure against local im- 
pingement of flame. 

This arrangement aids also in fulfilling 
another requirement for efficient oil burn- 
ing, viz.: that the combustion take place 
in a space surrounded with firebrick. This 
brick becomes incandescent and the heat 
radiated from it aids materially in the 
gasification of the fuel in the quickest 
possible manner. 

Having a properly designed furnace 
will not secure the highest efficiency un- 
less the air supply to it is carefully regu- 
lated. In fact, it would seem that this is 
of most importance. The front of the 
furnace—in fact, the whole 
should be air tight with air openings so 
arranged regulated. If 
the air is admitted through the draft doors 
their position should be carefully ad- 
justed so as not to give too much or too 
little air, the greatest cause of loss being 
in the former. 

Many—in fact, most—of the smoke 
stacks used with oil burners in the sugar 


setting 


as to be easily 


factories were formerly used for coal 
burning, the height of the stack being 
made to suit that fuel. The result is 


higher stacks and greater draft than is 
necessary One 
pert in oil burning cites a case where the 
stacks in a large plant were blown down, 
only 35 ft. being left, and yet the load 
was easily carried. 

One authority states that a draft of 0.1 
in. of water in the last pass of a water- 
tube boiler is sufficient for the best 
economy, and that with 0.5 in. draft a loss 
of at least 10°. in fuel may easily result. 

To summarize, there are three 
essentials for the best results in oil burn 

(1) a furnace with proper de- 
regards volume of combustion 
distribution of the 
(2) complete control of 


for good economy. ex- 


main 


ing, viz.: 
sign as 
space and 
heating surface; 
the air supply, and (3) thorough atomiza- 
tion and gasification of the fuel as early 


gases on 


in the process as possible. 
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Cleveland Intercepting Sewer System 


ENGINEERING NEws, in its issue of 
Feb. 20, 1896, contained an abstract of a 
report by Rudolph Hering, Geo. H. 
Benzenberg and Desmond FitzGerald, 
expert engineers appointed by the city 
of Cleveland to act as a commission to 
examine and report upon plans for the 
extension of the water system, disposal 
of sewage and purification of the river. 
The present article will show what has 
been done and what remains to be done 
to complete the intercepting sewer sys- 
tem in general accordance with the sug- 
gestions and recommendations of the 
commission. 

The city of Cleveland is ideally located 
for drainage by a gravity system of sew- 
ers and for sewage disposal by dilution, 
since the Cuyahoga River and its tribu- 
taries on the one hand and Lake Erie on 
the other afford convenient outlets fot 
all the sewers of the city. 

The greatest amount and the most 
serious source of pollution, as far as 
the water supply of the city is con- 
cerned, comes from the Cuyahoga River, 
which now receives 52% of the entire 
sanitary or dry-weather flow of the city. 
On account of the very low velocity of 
the river, the bottom of the latter is cov- 
ered with a heavy sewage deposit, much 
of which, at the time of the spring 
freshets, is washed out into the lake, 
where, at times, it is possible to con- 
taminate the water supply to some ex- 
tent. 

The intercepting sewer system was de- 
signed for the purpose of intercepting 
the dry-weather flow of all sewers emp- 
tying into the river, its tributaries and 
the lake, and conveying this flow to an 
outlet located on the shore of Lake Erie 
at a safe distance to the east of the 
new water intake, to avoid as far as pos 
sible any danger of contaminating the 
water supply by discharging the raw sew- 
age into the lake. 

The area drained by the intercepting 
sewer system comprises 38,549 acres, of 
which 16,467 acrcs lie outside of the 
present city limits and 22,082 acres in- 
side of the city limits, 412 acres of which 
constitute the congested district. The 
system is designed to meet the require- 
ments Of a population of one million in- 
habitants upon a basis of 54 cu.ft. per 
capita per day, of which 27 cu.ft. is sew- 
age and 27 cu.ft. storm water. A den- 
sity of population of 20 inhabitants per 
acre was assumed for the territory ly- 
ing outside of the city limits, 30 pet 
arce inside and 320 per acre in the con- 
gested district. 

The outlet of the intercepting sewer 
(Fig. 1) is in Lake Erie, one-half mile 
from the shore, and about eight miles 
easterly from the new water intake. The 
sewer extends westerly, in a general di- 
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Intercepting sewers are being 
built at Cleveland, Ohio, to di- 
vert the sewage from the rivers 
and their tributaries and from 
the lake front, and to convey the 
sewage to a point of discharge 
some eight miles distant from 
the city water-works intake. The 
history of the project is outlined 
and the leading features of the 
work described. Part of the 
main intercepter was construct- 
ed in open cut and part of it in 
tunnel. Some of the sewer is of 
reiniorced concrete, lined with 
brick, and part of it of brick 
alone. The lake outlet is of 
riveted steel. 
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rection, approximately parallel with the 
lake front, and at an average distance of 
about 1000 ft. therefrom, from the out- 
let to the westerly city limits. It inter- 
cepts the sanitary flow of all the sewers 
emptying into the lake, and, by the con- 
struction of branch interceptors, the sew- 
age now being discharged into the river 
and its tributaries will also be diverted 
to the intercepting sewer. 

The intercepting sewer 
planned, consists of a 
low-level interceptor. The high-level 
interceptor conveys by gravity to the 
outlet the sanitary flow of all the sewers 
intercepted. The low-level system will 
be constructed in the low lands of the 
river valley and will receive the sanitary 
flow of all the sewers that cannot be 
drained by gravity into the high-level in- 
terceptor. The low-level system com- 
prises an area of 3712 acres and is based 
on a flow of 27 cu.ft. per capita per day 
without an equal flush of storm water, as 
in the high-level system. The sewage in 
the low-level system will be conveyed by 
gravity to convenient locations, where it 
will be pumped into the high-level in- 
terceptor. A separate system of storm 
sewers will have to be constructed in 
connection with the low-level system. 

The city sewers are constructed prin- 
cipally on the combined system, the only 
separate sewers being such as have been 
acquired by the annexation of adjoining 
municipalities, and they form only a 
small part of the sewer system of the 
city. 

All flow in excess of 54 cu.ft. per 
capita per day in the main sewers inter- 
cepted, is diverted from the interceptor 
and discharged into the lake, river and 
its tributaries, and the sill of the over- 
flows are adjusted at the proper eleva- 
tions for this purpose. 


system, as 
high- and a 





The main interceptor is constructed on 
a grade of 2 ft. per mile. At the outlet 
the sewer is 13!% ft. in diameter, and has 
a capacity of about 640 cu.ft. per sec, 
The sewage from the interceptor flows 
into a basin constructed of concrete and 
steel (Figs. 2 and 3). This basin jis 
about 60 ft. wide, 100 ft. long and 18 ft. 
deep. At the present time, no treatment, 
other than rough screening, is attempted. 
From this basin the sewage is conveyed 
into the lake, a distance of 2650 ft., by 
means of a submerged steel pipe 5'% ft. 
in diameter. 

The basin is so arranged that the flow 
from the sewer can be discharged 
through a bypass sewer directly into the 
lake or outlet pipe as circumstances may 
require. The inlet to the basin is pro- 
vided with two screens for the purpose of 
preventing the coarser matter from en- 
tering the basin. Another screen is 
placed at the opening to the outlet well. 
This screen prevents some of the matter 
that may pass the other screens from 
entering this outlet pipe. A sump is pro- 
vided at the lower end of the basin from 
which a pipe leads under the floor to the 
outside of the basin, where an operating 
valve is placed by means of which the 
contents of the basin can be discharged 
into the lake. 

The deposits taking place in the basin 
are principally formed from sand com- 
ing from the streets during the first flush 
of storm water before overflowing. These 
deposits are removed at intervals by the 
use of an electric hoist, which travels 
across the front of the basin over the 
part where the deepest deposits occur. 
The basin is covered by a steel-frame 
Structure (Fig. 3) of very neat appear- 
ance, having a ventilating tower in the 
center at one end for removing the odors 
arising from the basin. Before the basin 
was covered, the odors were a source of 
considerable annoyance to the inhabitants 
in the vicinity. 

Forty per cent. of the sanitary flow of 
the city is being delivered at the outlet. 
The submerged outlet pipe before men 
tioned is not large enough to care for the 
entire sanitary flow of the system, but it 
is ample for the present service. Event- 
ually, one or more pipes will have to be 
laid and carried out as far, or perhaps 
farther, than the present one. 

The outlet pipe is made of riveted stecl 
boiler plate, dipped in a preservative 
coating. The pipe (Fig. 4) was made un 
in 50-ft. lengths, with a heavy angle-iron 
flange riveted on each end. These lengths 
were delivered at the dock at the foot of 
East Ninth St., at Lake Erie, and there 
assembled into lengths of 150 ft., bulk- 
headed at the ends and towed a distance 
of about eight miles to the trench at the 
outlet. Openings were then made in the 
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bulkheads and the pipe was allowed to 
fill slowly and gradually settled to its 
proper place in the trench, where the 
diver connected the lengths by means of 
a special submarine joint, shown in Fig. 
4. The outlet end of the pipe is protected 
by a caisson surrounded by riprap stone. 

Work was begun on the outlet section 
of the main interceptor in 1912. The 
sewer arch was of monolithic construction, 
of reinforced concrete, the section below 
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about 40 ft., the material encountered 
being sand, quicksand and clay. Where 
the sewer was constructed on the rail- 
way company’s right-of-way, the com- 
pany required the city to use 9-in. Wake- 
field sheet piling, instead of the 3-in. 
sheeting used at other places. This style 
of sheeting added about $20 per lineal 
foot to the cost of the sewer. 

In passing a one-story brick building 
used as a machine shop, some damage 
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about 1100 ft., in tunnel at the average 
price per lineal foot that the work was 
costing in open cut, or $80.04. 

The inside diameter of the tunnel por- 
tion was 13!'. ft., and the outside diam- 
eter was 16'. ft. The tunnel was lined 
with four rings of shale brick, laid in 
portland-cement mortar. An _ hydraulic 
shield was used which was operated by 
twelve hydraulic jacks. The plant equip- 
ment included air compressors, hydraulic 
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Fic. 1. THE INTERCEPTING SEWER SYSTEM OF CLEVELAND, OHIO, IN ITs RELATION TO THE RIVERS, THE LAKE AND THE CITY 


the spring line being squared out at the 
bottom and constructed of plain concrete 
with an invert lining of shale brick. 
About 14,600 ft. of this style of con- 
struction was made in open cut, which 
for most of the way was located on the 
right-of-way of the Lake Shore & Mich- 
igan Ry., or on adjacent private property 
parallel with the railway right-of-way. 
The average depth of the sewer was 


WATER-WORKS INTAKES 


was done to the building, which was 
located very close to the sewer trench. 
A little further along on this contract it 
was necessary to pass a_ three-story 
brick building of considerable size. It 
was decided to tunnel the remaining por- 
tion of the contract. A subsidiary agree- 
ment was accordingly entered into where- 
by the contractor agreed to construct 
the remaining portion of his contract, 





pump, dynamo and other machinery 
necessary for the successful operation 
of the work. The tunnel was lighted 
with incandescent lamps; about 7 Ib. of 
air pressure was maintained, which ordi- 
narily was sufficient to keep the tunnel 
dry and the face in good working con- 
dition for the miners. 

The excavation was principally through 
plastic clay, which was removed by us- 
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ing large draw knives, usually three min- 


ers 
the 


to a knife. The jacks pressed against 
outer rings of masonry and no dam- 
age was done to the masonry except at 
the direct point of application of the 
jacks, and this small amount of masonry 
was relaid each day. There were 8 cu.yd. 
of excavation per lin.ft., and 2.62 cu.yd. of 
brick masonry per lin.ft. On this work 
an average rate of 6 ft. per day was 
maintained. The work progressed night 


and day, regardless of the weather. The 
brick building above referred to was 
passed without the slightest injury re- 


sulting to it on account of the tunnel con- 
struction. 

On account of the success of this 
method of construction it was decided to 
build the adjoining section in tunnel in- 
stead of open cut, as the original con- 
tract called for. This sewer was of the 
same size and style of construction as the 
other section, but the average price per 
lineal foot was S71. A court decision 
was rendered, in which it was stated that 
the cost of the werk could not exceed the 
amount appropriated therefor. Accord- 
ingly, the contractor performed the work 
for $59.75 per lin.ft., thus keeping within 
the appropriation. 

On this contract, 50% more progress 
was made, by the same method, than was 
made on the adjoining section. Acloserec- 
ord on this work indicated that the contrac- 
tor made a handsome profit, even at his re- 
duced price, and set a new figure for tun- 
nel work in this city. This was in 1904, 
since which time all of the main inter- 
cepting-sewer work has been done in 
tunnel, making a total to date of 24,500 
ft. so constructed. 

A modification of the foregoing method 
was adopted in the construction of the 
last 12,000 ft. of tunnel, by substituting 
a 6-in. wood lining for the outer ring of 
brick, made up of segments or cants of 
convenient size for handling (see Fig. 5). 
The pressure of the jacks was taken by 
the cants instead of the brick masonry, 
as in the first construction. Inside of the 
wood lining three rings of shale brick 
were laid in portland-cement mortar. 
This method was used sizes of 12 
and 12'4 ft. in diameter. A portion of 
the sewer was built in a street lined with 
manufacturing plants and part of it was 
constructed through private right-of- 
ways passing under small residences and 
No 
serious damage was done to any struc- 
ture. In a few instances the contractor 
had to shore up some buildings and make 
a few repairs to walls and foundations, 
and, in all cases but one, these matters 
have satisfactorily adjusted. The 
hydraulic shield, air pressure, etc., were 
used on all of the work. 

The use of the wooden cants proved 
to be a cheaper method of construction 
than the old method of an all-brick sec- 
tion. The excavation followed up 
wooden lining. The 


on 


near structures of considerable size. 


been 


was 


closely with the 
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cants were toe-nailed in place and the 
arch blocks wedged up close to the ex- 
cavation. More progress was made in 
this way than by the old method, as the 
excavation and lining could be carried on 
regardless of the masonry. 

The last 6800 ft. of 12'4-ft. size was 
built by this method at an average cost 
of S35 per lin.ft., not including 
This 6800 ft. was divided 


man: 
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curves. The shields were left in place 
and the shells filled with cement. The 
shields were so constructed as to allow 
the inner ring of masonry to be laid in- 
side of the shield in conformity with the 
rest of the work. 

The main interceptor is completed on 
the east side of the river from West 


Ninth St. to the outlet in Lake Erie,, a 
distance of approximately 


eight miles, 
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>; 2. GENERAL LAYouT OF TERMINAL SEWAGE BASIN AND THE LAKE OUT LE7 


SEWER, CLEVELAND, OHIO 


two contracts, which were performed by 
one contractor. The work was _ prose- 
cuted from three headings. Two right- 
angle curves were made. No extraor- 





dinary refinements were used in giving 
lines and The instrument 
simply care in 
his line 
shaft, 
work 


erades. 

used 
and 

from 


man 
great transferring 
grade to the bottom of the 
which base the 
was carried on in both directions 
the shaft. No intermediate line 
holes were made at any part on the work. 
A shield started from the extreme 
westerly end of the work and shoved 
easterly 1900 ft., where it met to perfect 
line and grade the shield that traveled 
2500 ft. westerly around two right-angle 


short lines 
from 


was 





COVERING FOR TERMINAL BASIN, CLEVELAND INTERCEPTING 


the sizes varying from 8'4 to 13" ft. 
in diameter. On the west side of the 
river it is completed from the westerly 
city limits to West Fifty-eighth St., a 
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distance of 2.4 miles. This portion of 
the sewer is of the combined system, proe 
vided with storm overflows. 

The part of the main interceptor re- 


maining to be built lies between West 
Fifty-eighth and West Ninth St. This 
section will necessitate the construction 


of an inverted-siphon crossing under the 
river. This part of the work will not be 
done immediately, as the construation of 
some of the branch interceptors is of 
more immediate necessity in order to 
remove the sewage now polluting some 
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of the tributaries of the river. Several 
branch interceptors have been con- 
structed, and one is now under construc- 
tion, which will remove considerable of 
the sewage from one of the branches of 
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caused by winds indicated that the pre- 
vailing winds were such that it was 
thought no contamination could reach 
the water intake from the sewer outlet. 
In calm weather the sewage can be read- 
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Fic. 4. DETAILS OF RIVETED STEEL OUTLE1 SEWER AND SPECIAL JOINT, 
CLEVELAND, OHIO 


Dugway Brook, a stream passing through 
a very good residential section of the 
citv. The flow in this stream is very low 
during the dry summer months, so that 
the pollution of the stream by the sewers 
is very much in evidence, causing num- 
erous complaints to be filed with the city 
on that account. Plans, however, are be- 
ing prepared for sewering this stream. 

The total length of the high-level sys- 
tem, including the branches which will 
have to be built, is about 30 miles, half 
of which is completed. No work has 
been done on the low-level system. 

The cost of the intercepting sewer sys- 
tem to date is approximately $2,500,000, 
and $1,750,000 will be required to com- 
plete the entire system. 

The city is authorized to sell intercept- 
ing-sewer bonds to the amount of $1,000,- 
000. Of the amount realizéd 35300,000 
will be used for constructing what is 
known as the south-branch interceptor, 
extending from the main interceptor at 
East Twentieth St., southerly 8300 ft. to 
Broadway. This section of the sewer 
will be 9 ft. in diameter, and will be con- 
structed in streets thickly built up with 
blocks, churches, apartment 
houses and the large Y. M. C. A. 
building now in course of construction. 
The depth of the sewer will be about 65 
ft. to the top of the arch, where the sewer 
passes the largest and most important 
structures. The borings indicate plastic 
clay at the sewer depth. The sewer will 
be constructed in tunnel, probably with 
an outer rim of wood lined with shale- 
brick masonry. 

The new water intake is located about 
eight miles westerly from the intercept- 
ing sewer outlet. The experiments con- 
ducted by the city for the expert com- 
mission relative to the lake currents 


business 


ily located coming from the submerged 
outlet pipe, and it is confined to a sur- 
face area about 100 ft. in diameter, out- 
side of which the water has its natural 
color and appearance. It is not thought 
that any of the sewage from this source 
reaches the water intake, but that such 
evidence of sewage contamination as 
does exist at times in all probability 
comes from the river and such other 
sources as have not yet been connected 
with the interceptor. 
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some plan of sewage treatment. A sum- 
mary of Mr. Pratt’s report to the chief 
engineer of the Cleveland Department of 
Public Service appeared in ENGINEERING 
News of Feb. 8, 1912. It will probably 
be several months yet before a final re- 
port can be made upon the subject. It is 
recommended that a series of tests and 
experiments be conducted covering a 
period of about one year, in order to de- 
termine the most feasible method for the 
treatment of the sewage. 

It is quite probable that a testing 
laboratory will be installed at the main 
outfall, together with experimental tanks 
and filters, for the purpose of determin- 
ing just what method of treatment is best 
adapted to local conditions. 

Should the sewage of a large portion of 
the southerly part of the city be treated 
up the Cuyahoga River Valley, at some 
location outside of the city limits, the 
south branch interceptor, above men- 
tioned, will not be constructed, but in- 
stead, an interceptor flowing in the op- 
posite direction will have to be con- 
structed to convey the sewage to the dis- 
posal plant. This will reduce the amount 
to be treated at the disposal works to be 
located at the main outfall. 

A third treating plant may be located 
at the outfall of the West 58th St. sewer 
on the shore of Lake Erie. This sewer 
delivers about 8‘~% of the dry-weather flow 
of the city at this point. At the present 
time it cannot be stated just what degree 
of purification of the sewage will be re- 
quired. 

Should the city decide not to purify the 





Fic. 5. View IN 12°4-FT. INTERCEPTING SEWER, CLEVELAND, OHIO, SHOWING 
SHIELD, WoopEN CANTS AND BRICK LINING 


The subject of sewage treatment is now 
being taken up by the city. R. W. Pratt, 
formerly chief engineer of the Ohio State 
Board of Health, has been retained by 
the city to report upon and recommend 


water supply by means of filtration, then 
a higher degree of purification of the 
sewage effluent than would otherwise 
be necessary will undoubtedly be re- 
quired. 
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Balanced-Compound Locomotives 


The Atchison, Topeka & Santa Fé Ry. 
has been notable for some years for its 
activity in the development and introduc- 
tion of special designs of locomotives 
adapted for the handling of heavy train 
loads. Prominent among these engines 
have been the 2:10:2 four-cylinder tan- 
dem-compounds and several classes of 
Mallet engines, some of which have been 
described in our issues of Apr. 20 and 
May 4, 1911. While this line of develop- 
ment has been mainly in regard to freight 
traffic, the equipment for passenger traffic 
has not been overlooked. Four-cylinder 
balanced -compounds have been _ intro- 
duced for high-speed trains, and a very 
exceptional type of locomotive is a Mallet 
2:4:6:2 engine for handling fast and 
heavy trains on a division having severe 
grades and curvature. 

The latest development in passenger 
equipment on this road is the design of a 
four-cylinder balanced-compound _loco- 
motive of the 4:6:2 class for service in 
districts where heavy grades occur. This 
new design includes a number of inter- 
esting features, and for particulars of 
these we are indebted to the motive- 
power department of the road. One of 
the new engines is shown in, Fig. 1, and 
28 of these have been built already by 
the Baldwin Locomotive Works. The 
main requirement was for greater power 
at high speed than was available in en- 
gines of the 4:4:2 class, and a 
coupled engine was seen to be necessary. 
Satisfactory service has been rendered by 
balanced-compounds of the 4:4:2, 4:6:2 
and 2:6:2 classes, and these considera- 
tions led to the adoption of a four-cylin- 
balanced-compound engine of the 
4:6:2 class to meet the above require- 
ments. The dimensions are given in the 
accompanying table. 

The first six-coupled balanced com- 
pound locomotives on this road were of 
this 4:6:2 class, having all four cylinders 
in the same horizontal plane and using 
the Stephenson valve gear with the eccen- 
trics on the third axle. In these engines 
the inside (high-pressure) cylinders had 
bifurcated connecting rods spanning the 
front driving axle. A few years later, 
balanced-compounds of the 2:6:2 class 
were introduced for fast-freight service. 
In these, the inside (high-pressure) cylin- 
ders are inclined and raised to such a 
height as to permit a straight connecting 
rod to clear the front driving axle. They 
have the Walschaerts valve gear, actu- 
ated from the outside main crankpins. 
The arrangement of the cylinders, main 
rods and valve gear on these 2:6:2 en- 
gines proved so satisfactory as to lead to 
their application to the new 4:6:2 


SiX- 


der 


engines, thus retaining the desirable feat- 
ures of the earlier engines of this class, dut 
eliminating the bifurcated connecting rods. 





The traffic development on the 
A., T. &. S. F. Ry. has necessi- 
tated the introduction of a larger 
and more powerful engine for 
high-speed passenger service in 
districts where the grades are 
severe. The new type of engine 


designed is six coupled, of the 
4:6:2 type, with four cylinders, a 


crank axle, superheater and Ja- 
cobs-Shupert firebox. The design 
combines several special features 
with a general adoption of parts 
and patterns already in use. The 
article is prepared from _ infor- 
mation furnished by the railway, 
covering both the general design 
and the special features. 


These features of the new engines 
being decided upon, the design was de- 
veloped largely by the selection of parts 
common to existing engines and princi- 
pally those of the two classes mentioned. 
Continued attention to details by the 
motive-power department had resulted in 
various improvements. Many of these 
had been introduced from time to time in 
revising and repairing existing engines, 
and thus had been given the test of actual 
service before being embodied in the new 
ergines. In developing this new design 


pair of cylinders for each side of the 
engine is cast in one piece with a half 
saddle and the valve chamber for a piston 
valve serving the two cylinders. The 
center line of the valve chamber is 7 in. 
inside that of the low-pressure cylinder. 
The valve, Fig. 3, is arranged for high- 
pressure inside admission and outside 
low-pressure admission. It is of the type 
commonly used by the builders on bal- 
anced-compound locomotives. The steam 
pipes are on the outside of the boiler, so 
that joints are accessible for inspection 
and possible leaks will not affect the 
steaming of the engine. This is in ac- 
cord with practice developed by this rail- 
way and applied to other recent locomo- 
tives. 

The high-pressure (inside) cylinders 
are set approximately 2 ft. higher than 
the low-pressure cylinders, and in line 
with the valve chambers. They are at an 
angle of 7!2‘c, as shown in Fig. 2. Their 
location makes it impossible to run the 
front and back flanges (which take the 
cylinder bolts) the full depth of the cast- 
ing. To strengthen the joint, therefore, 
lugs are cast on the top of the saddle at 
the front and back, and two 15¢-in. bolts 
pass through each lug. The opening in 
the smokebox is cut out sufficiently to 
clear the lug. 





Locomotive 


the aim has been to adhere to the general 
features of the older equipment as far as 
practical, but to introduce such modifica- 
tions as were necessary to overcome cer- 
tain weak points which had been detected. 
This not only tended to retain equipment 
of a class with which the. men are 
familiar, but provided an opportunity for 
the introduction of new and more power- 
ful engines having a minimum number of 
new parts. The patterns have been taken 
almost exclusively from those common to 
former engines. 


CYLINDERS AND VALVE GEAR 


The arrangement of the cylinders and 
valve chambers is shown in Fig. 2. Each 


FOUR-CYLINDER, BALANCED-COMPOUND 4: 6: 
ATCHISON, TOPEKA & SANTA FE Ry. 


(Baldwin 


2 PASSENGER LOCOMOTIVE; 


Works, Builders.) 
The outside and inside guides are 
shown in Fig. 4. The outside (low- 


pressure) guides are of the usual two- 
bar type, and are supported on cast-steel 
bearers which are bolted to a transverse 
yoke. The inside (high-pressure) guides 
are of the Laird type, this design being 
used in order to provide the necessary 
clearance above the leading driving axle. 
These guides are supported at the front 
end by the low-pressure guide yoke, and 
at the back end by a cast-steel frame 
brace, which is placed just behind the 
first driving axle and extends the full 
depth of the frame pedestals. The ar- 
rangement of high-pressure guides has 
resulted from the railway’s experience in 
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overcoming cylinder-head troubles on 
older engines. The lengths of the in- 
side and outside main rods are 8 ft. 4 in. 
and 9 ft. 2 in., respectively. 

The crank axle is of the built-up type 
(Fig. 5) with cast-steel central web and 
forged-steel disks. The sections are 
pressed together and riveted over. Owing 
to the inclination of the inside cylinders, 
the inside and outside cranks on the 
same side of the locomotive are placed 
187'4° apart. The right-hand crank 
leads. 

The valve motion is of the Walschaerts 
type. The links are carried on longi- 
tudinal bearers outside the leading pair 
of driving wheels, and rockers are used 
to transmit the motion from the combin- 
ing levers to the valve rods. The rocker 
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arranged in double shear. Castle nuts of 
the Railway Master Mechanics’ Associa- 
tion standard are used throughout the 
valve gear. Lubrication of bearings is 
carefully provided for by large cavities 
formed in the different members. No de- 
tachable oil cups are used on any part of 
the valve gear. 


BOILERS AND FIREBOXES 


The boilers on these new locomotives 
are of the wagon-top type, and have fire- 
boxes of the Jacobs-Shupert type* in 
which the inside and outside shells are 
each composed of eleven steel channels 
riveted together through the flanges. All 
are fitted with superheaters. Six of the 
engines are equipped for burning oil, 
seven for burning Gallup coal (a light 
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boxes are supported on the guide yoke, 
and the valve rods, which are necessarily 
short, are provided with knuckle joints. 
The rockers, and all pins used in the 
gear, work in bushings of Hewitt metal. 
The valves are set with a lead of \ in. 
on the high-pressure ports, and ; in. on 
the low-pressure ports. 

The details of the valve-gear parts are 
among the many features which the rail- 
way has amended to overcome some of 
the annoying failures which often result 
from negligence of small parts. Care 
has been taken to avoid offset bearings 
in the valve motion parts, in order to 
minimize the tendency to twist or buckle. 
All pins are made of ample size and are 


coal similar to lignite, mined in western 
New Mexico), and the other 15 for burn- 
ing ordinary bituminous coal. On the 22 
coal-burning engines the grates are 
shaken mechanically by a pair of steam 
cylinders placed under the boiler barrel 
and immediately in front of the firebox. 
Hand gear for shaking is provided also. 
In these engines a firebrick arch is used, 
supported on two 3-in. tubes extending 
from the lower part of the front water 
leg to the back water leg at a level above 
the fire-door. On the seven locomotives 
for burning Gallup coal the grate bars 
have fine fingers and narrow openings. 


*Engineering News, June 17, 1909; Nov. 


3, 1910 


og 


The front-end arrangements for the 
coal-burning engines are shown in Fig. 6. 
For the engines burning bituminous coal, 
the netting extends diagonally from the 
exhaust nozzle to the top of the smoke- 
box, and an adjustable diaphragm ex- 
tends across the smoke-box below the 
line of the netting. For the engines 
burning Gallup coal (lignite), the net- 
ting is run horizontally from the ex- 
haust nozzle to the front of the smoke- 
box and then vertically to the top, as 
shown by the dotted lines. In all cases 
an adjustable draft pipe is placed be- 
sii aia i a a 


DIMENSIONS OF FOUR-CYLINDER BAL- 
ANCED-COMPOUND LOCOMOTIVES 
(4:6:2 CLASS); ATCHISON, TOPEKA 

& SANTA FE RY 


Wheels; driving (6), diameter Gh. 1 th, 
Front truck (4), diameter 2 ft. 104 in. 
Rear truck (2), diameter 1 ft 2 in 

Journals; driving axles, main 

(crank) 11x10 in, 
Other driving axles 9 x12 in. 
Front truck axles 6x10 in. 
Rear truck axle Sx14 in. 
Lateral play, driv. axles 4 in. 

Wheelbase; driving 13 ft. 8 in. 
Truck 6 ft. 8 in. 
Rear truck to rear driver 10 ft. O- in. 
Engine, total 35 ft. 1 in. 
Engine and tender 56 ft. 13 in. 


Wheels having blind tires none 


Weight in working order; 


Max. on driv. axle 55,460 Ib. 


On drivers (ave. 53,633 Ib 160,900 Ib. 
On front truck 54,980 Ib. 
On rear truck 60,620 Ib. 
Engine, total 276,500 Ib. 
engine and tender (about $48,000 Ib. 

Cylinders; high press (2), inside 174x28 in. 
Low-press (2), outside 29x28 in. 

Connecting rod, c. to ¢.; h.p 8 ft. 4 in. 
Low-press 9 ft. 2 in 

Valve gear Walschaerts 

Valves; piston, diameter 15 in 
Travel 5 in. 
rhrow of valve crank 1443 in 

Boiler; wagon top type; diam 5 ft. 10 in. 
Plates, thickness ? to j-in 
Center line above rail 9 ft. 84 in 
Smokebox, length 5 ft. 64 in 
Working pressure 210 Ib 

Firebox; Jacobs-Shupert. .9 ft. 1% in.x6 ft. 3% in 
Depth $ ft. 114 in 
Crown, back and side plates i-in. 
Tube plate Ya-iD 
Water spaces; front and back 5 in 

sides a 54-in 

Tubes; iron; No oe 200 
Diameter, 24-in.; thickness No. 11 W.G 
Length over tube plates 18 ft. 2 in. 

Heating surface; tubes 3088 sq.ft 
Firebox 223 sq.ft 
Arch tubes 14 sq.ft 
Total 3325 sq.ft 
Grate area 574 sq.ft 
Superheating surface suck- 

Jacobs 806 sq.ft 
Water in tender tanh 9,000 gal 
Coal in tender 12 tons 
Exhaust nozzle, diam 6 in 
Height to top of smokestack 15 ft. 84 in. 


Tractive effort 35,000 Ib. 
(LOCOMOTIVE: A. T. & S. F. RY.) 
Wheels with blind tires None 

Max. driv. axle load 
Lateral play of driv. axles 


55.460 Ib 


Valves, travel . 5 ir 
Valve crank, throw 14 it 
Exhaust nozzle, diameter 6 in 





tween the exhaust nozzle and the base 
of the smoke-stack. The oil-burning en- 
gines are fitted with the equipment which 
is standard on this road, including the 
Booth burner. The firebox arrangement 
for these engines is shown in Fig. 7. 
There are two steam domes on each 
engine; the rear one is placed on the 
wagon tep, while the forward one is 
placed near the front end of the barrel. 
The latter contains the throttle valve, and 
has no direct communication with the 
boiler, the bottom of the dome being 
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closed by a plate. The domes are con- 
nected by a pair of 5-in. pipes within the 
barrel, and steam is thus taken entirely 
from the rear dome, which is at the high- 
est point of the boiler and gets the dryest 
The throttle takes steam through 
the top only, and delivers steam to the 
external dry pipe (Fig. 1). In all the 
engines an outside dry pipe runs from 
the throttle to the superheater and out- 
side steam pipes run from the super- 
heater to the valve chamber. 


steam. 


SUPERHEATERS 


All the engines are equipped with 
superheaters, as noted above. In order 
to determine the relative merits of super- 
heaters of the fire-tube and drum types, 
three of the oil-burning engines and 
two of the bituminous coal-burning 
engines are fitted with the Schmidt fire- 
tube superheaters, while the remainder 
have the Buck-Jacobs superheaters of the 
latest design in which the superheating 





VALVE BUSHING 


Fic. 3. PISTON 


\ND 


is built into the boiler 

products of combustion 
the tubes to the 
smokebox. These different types of super- 
heaters have been described in 
unins. 


chamber or drum 
Shell, and the 
pass through reach 


our col- 


In the engines having the Buck-Jacobs 
superheaters, the superheating chamber 
is 37 in. long, with its forward tube sheet 
24 in. back of the line of the 
smokestack. An intermediate chamber 
is placed between the superheater and 
the evaporating the 
boiler, and as this chamber can be enter- 
ed through a manhole, the tube ends are 
accessible. The superheater tubes 
are welded into the tube sheet at the back 
end, and rolled at the front end. Steam 
enters the superheater on the top center 
and is guided by internal baffle 
plates so that it follows a circuitous 
course among the tubes. The steam 
leaves the superheater through right- and 
left-hand pipes which run direct to the 
steam chests and have their joints outside 
the boiler. The superheater section of 
the boiler is butt-jointed to the main 
boiler section, the joint being secured by 


center 
section of 


main 


easily 


line, 
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an external covering strip taking four 
circumferential rows of rivets. 

The superheater tubes are arranged in 
a manner which has proved most satis- 
factory, as far as the superheating of the 
steam and the draft of the boiler are con- 
cerned. The superheater is traversed by 
350 tubes 2'4 in. diameter, 67 tubes 3 
in. diameter, and one large tube 6 in. di- 
ameter. This last tube is placed just 
above the center line of the heater, and is 
applied to facilitate the removal of the 
boiler tubes. The 3-in. tubes are grouped 
in the lower part of the heater. 

In the boilers, equipped with Schmidt 
superheaters, the front tube sheet is 
placed 50 in. back 


of the center line 
of the smokestack. A large opening is 


cut in the smokebox shell, immediately 
above the header of the superheater, and 
this opening is covered by a saddle-shap- 
three openings 


ed casting. There are 


(° 


Fic. 4. GUIDES FOR INSIDI 
through this casting. The center open- 
ing communicates with the saturated 
steam chamber in the header, and the 


side openings wth the superheater cham- 
ber. The dry pipe and steam pipes are 
outside the boiler, and they communicate 


Fic. 5. CRANK AXLE FOR 


respectively with the saturated and 
superheated steam chambers in the head- 
er, by way of the openings in the saddle 
casting. The superheater is fitted with 
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the usual arrangement of shut-off dam- 
per. 


FRAMES AND SPRING RIGGING 


Carrying out the general scheme of ad- 
hering to its standard parts in the design 
of the locomotives, the railway has pro- 
vided a frame which can be used with 
the present designs of shoes and wedges, 
driving boxes, etc. The strength of the 
frames has been increased, however, as 
compared with previous engines, and a 
satisfactory system of transverse frame 
bracing has been introduced. The frames 
are 4'% in. wide and are spaced 54 in. 
between centers. At the main driving 
pedestals they are offset 34 in. outward, 
thus increasing the distance between 
centers to 45!'2 in. This is done to pro- 
vide sufficient room for the crank 
and driving journals. 

The frame rails over the driving boxes 


axle 





AND OUTSIDE Cy 


LINDERS 


are 634 in. deep. 
depth is 45, in. 


Between the jaws the 
for the upper rails and 
2 in. for the lower rails. The front 
section of each frame consists of a 
single rail or slab 4'+x10 in. under the 
cylinder saddle. This is joined to the 
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main section by a specially designed con- 
nection. The rear section of each frame 
is in the form of a slab 2'2x12 in.; these 
are arranged to accommodate the trailing 
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truck, which is of the Rushton type with 
cutside journals. 

The transverse frame bracing is worthy 
of mention. A broad steel casting spans 
the front rails just back of the cylinders 
and is bolted to the cylinder castings. 
This tie serves also as a support for the 
cylinders of the driving brake. The main 
sections of the frames are provided with 


three cast-steel braces. One is located 
just back of the front drivers, with a 
bearing 37 in. long on the top of the 
frame. This casting extends the full 


depth of the pedestals, to which it is 


securely bolted, additional metal being 
provided in the pedestals to include this 
bolting without weakening the frames. 


This brace supports the back end of the 
inside guides. A wide and deep casting 
is located between the main and rear 
driving wheels, being bolted to both the 


top and bottom frame rails. The third 
brace is placed at the juncture of the 
main and rear sections of the frames. 


This tie is located immediately beneath 
the cast-steel furnace bearer, to which it 
is securely bolted, thus making an un- 
usually strong construction. The same 
arrangement of tie and furnace bearer is 
used at the back of the rear frame sec- 


tien, behind the trailing truck. In ad- 
dition to these frame braces, the frames 


are further stiffened by plates connected 
with proper ties to the barrel of the 
boiler. These plates are secured at the 
lower ends to the steel frame braces. 

The arrangement of the equalizing 
system and spring rigging calls for no 
special comment except the equalizer be- 
tween rear driver and trailing truck. The 
design of this equalizer for the new en- 
gines was revised so as to place the bear- 
ings of all three pins in the same hori- 
zontal plane, thus eliminating the offset 
which tends to twist the equalizer. 

All the driving springs are of the plate 
type (43 in. long). They are mounted 
directly over the driving boxes, and are 
connected by equalizing bars carried by 


hangers resting on the ends of the 
springs. The first hanger is anchored to 
the frame. The rear truck has a similar 





Fic. 7. FIREBOX ARRANGEMENT 


but 


larger 


axle box, 


(58-in.) spring over each 
and this is connected to the 
rear driving spring by a long equalizer 
carried by the hangers. A special at- 
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tachment of the equalizer to the truck 
hanger provides for the lateral swing of 
the truck. This truck is not seated di- 
rectly on the axle box, but upon a U- 
shaped yoke whose vertical legs are 
fitted to pins on rocker arms swinging 
from a bar which rests upon the box. 
Thus the boxes can shift laterally with- 
out affecting the springs. This yoke and 
spring can be seen in Fig. 1. 


TENDER 


The tender is designed in accordance 


with the railway company’s standard 
practice. Its trucks have arch-bar 


frames, with cast-steel bolsters and steel- 
underframe is 


tired wheels. The com- 





AR- 
BURNIN 


Fic. 6. SMOKEBOX AND FRONT-END 
RANGEMENT FOR ENGINES 
BITUMINOUS COAL 


(For engines burning lignite the ad 
justable bottom deflector is omitted and 
the netting diaphragm is) placed as 
shown by the dotted lines.) 


posed of 12-in. 40-lb. channels, and has 
the end which are stand- 
ard for all tenders on the system. The 
rear end-sill is provided with a drawhbar 
carrier of cast steel, having which 
interlock with similar lugs on the sill. 
When the carrier is in place, bolts are 
applied from the top, extending through 


cast-steel sills 


lugs 


RNING LOCOMOTIVES 

the bottom wall of the sill and through 
the carrier. These bolts are for the pur- 
pose of preventing the carrier from slid- 
ing off the interlocking lugs and are sub- 
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ject to no stress from carrying the draw- 
bar, as the interlocking lugs receive all 
the weight. Therefore, even though the 
nuts should become detached, the bolts 
will still remain in place and perform 
their work properly and no inconvenience 
from dropping of drawbar can be ex- 
perienced. This carrier also has pockets 
located at either side of the drawbar 
carrying the center springs. 


The Australian Capital Competition 
for the planning of a new capital city for 
the Commonwealth of \ustralia has 
called forth some 120 designs, many of 
these from America The designs sub- 


mitted are to be judged by a board ot 


three men selected by the Council of the 
Victorian Institute of Engineers Mr 
James Alexander Smith, President of the 
Institute of Engineers of Victoria, and 
Mr. J. M. Coane, a surveyor, of Victoria, 
have been appointed as members of the 
board. The name of the third member, 
who is to be an architect, has not yet 


been announced. The conditions of the 
competition were explained in Engineer- 
ing News, Sept. 28, 1911, p. 384 Three 


offered, altogether 


$14,000 and 


prizes are amounting 


to between $15,000. 





Direct-current Motors of 
type, it has been 
full field excita- 
torque, sparking 


In Starting 
shunt or compound 
found desirable to have 


tion to prevent light 


and excessive rushes of current. It is 
also common to regulate the speed by 
inserting resistance in the field circuit, 
and where this interferes with proper 
starting it has been necessary to go to 
the trouble of cutting out the resistance 
first and-cutting it in later to secure the 
desired speed. A device known as a 


“field-rheostat relay” has been developed 
by the Electric Controller & Manufac- 


turing Co., of Cleveland, Ohio, to per- 


form this duty automatically) 

This relay consists of a_ solenoid 
through which a steel plunger passes 
carrying at its lower end a plate for 
electrically connecting two contact 
studs. The magnet coil and the plunge! 
are inclosed in an iron case, which serves 
both for protection and as a part of the 


The coil is connected 


circuit of the 


magnetic cireult 
in series with the armature 
the two are 
connected to the terminals of the motor- 
field rheostat so that the field 
is short-¢ when the 
plate 
when the 


motor. and contact studs 
resistance 
studs aré 
The coil 


armature 


ircuited 


bridged by the contact 


that 


is designed so 


current exceeds a predetermined maxi- 


plunger is drawn 
the plate to bridge the st 
all of the re 


mum, the up, causing 


uds and cut out 
sistance n series with the 


snunt 


full 


field This gives the 
field strength ind 
torque, enabling it 


motor its 
cons quently 
properly to 


iccelerate its load \s the current de- 


motor, the relay plunger drops, replacing 
the re shunt-field circuit 
and weakening the field This 
until the 


motor 


cycle of operation is repeated 


motor has been safely brought to the 
proper speed as determined by the set- 
ting of the motor-field rheostat. 

Such a device, it is seen, permits of 
keeping the field rheostat set for the 
most desirable speed, of starting up 
properly ind of always automaticall 


reaching the desired speed. This saves 


the time of an operator in 
speed after each starting. 


adjusting 
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A Congressional Investigation 
of Scientific Management 


Your committee has given especial 
attention to the Taylor system because 
we found that this system is being 


introduced in 
arsenals. 

A great amount of good work has been 
dene by Mr. Taylor and others in work- 
ing out the details of scientific methods 
of shop management, but neither Mr. 
Taylor nor anyone else has presented to 
this committee a system so complete and 
perfect as to justify a recommendation 
that it be imposed in its entirety in any 
government shop. 

Confidence is a plant of slow growth. 
Neither the Taylor system nor any other 
should be imposed from above on an un- 
willing working force. Any system of 
shop management ought to be the result 
of mutual conference and mutual con- 
sent. Government in a mill should be 
like government in a state—‘‘with the 
consent of the governed.” 

The Tayior system of shop manage- 
ment may be divided into three general 
heads: Standardization, systematization 
and stimulation. Efficiency may be gained 
in whole or in part by any of these ways, 
by any two of them, or by all three com- 
bined. Any or all of these devices may 
be carried to an extreme. In the first two 
devices, namely, standardization and sys- 
tematization, the expense which would be 
created by carrying them to an extreme 
would act as a check against the con- 
tinuance of such a condition, but that 
check would not exist in that portion of 
stimulation which is applied to the work- 
man. 

The expenses of standardization and 
systematization are borne by the manage- 
ment, while the expense of stimulation in 
the form of increased energy is borne by 
the workman. Any system of shop man- 
agement which creates a burden charge 
through standardization or systematiza- 
tion which is too heavy for the shop to 
bear or which imposes burden charges 
through stimulation which are too heavy 
for the workman to bear should be dis- 
continued. 

That there is some loafing or soldiering 
among workmen has been shown by the 
testimony before your committee, but it 
is not general nor does it occur in nu- 
merous instances compared with the total 
number employed. 

Ordinary intelligent management under 
any system could eliminate it entirely, or 
at least reduce it to the point where it 
would not be a serious hindrance to pro- 
duction. Because there are some loaf- 
ers iS no reason why the remainder of 
the workmen should either be compelled 
or induced to work up to the very edge 
of the breaking strain. There is need for 


part in two government 


For several months past a 
special committee of the House 
of Representatives has been in- 
vestigating ‘* Scientific Manage- 
ment’’ with reference to its pro- 
posed adoption in Government 
machine shops. This committee 
has just made its report. Itap- 
proves the standardization of 
tools, machines and parts, the 
systematization of the work and 
its methodical planning; but 
with regard to the stimulation of 
the workman to increase his rate 


of work, the committee expresses 
doubt as to whether this may 


not introduce ‘‘ the 


kills.”’ 


pace that 





production at the lowest cost, but no 
economic necessity can justify requiring 
workmen to speed up to the highest point 
which they can continue from day to day 
and from year to year, even without in- 
jury to their health and strength. To 
place workmen in a position of that kind 
is to put them in the position of a beast 
of burden which is required to go on from 
day to day performing a given task. 

There is a margin between the work 
performed by the loafer and the maxi- 
mum task for a man, anJ in that margin 
lies a proper day’s work. What consti- 
tutes a reasonable day’s work can only 
be determined by practical experience 
and intelligent observation. It cannot be 
wholly determined by a stop watch or 
any other time -measuring instrument 
used only for a brief period of time. 

By the stop watch you may be able to 
determine the time in which a piece of 
work can be done, but you do not thereby 
alone determine the length of time in 
which it ought to be done. 

The time study of the operations of 
any machine can be made with a reasona- 
ble degree of accuracy, because all of the 
elements can be taken into consideration 
in making the computation. A machine 
is an inanimate thing—it has no life, no 
brain, no sentiment, and no place in the 
social order. 

With a workman it is different. He is 
a living, moving, sentient, social being; 
he is entitled to ali the rights, privileges, 
opportunities, and respectful considera- 
tion given to other men. He would be 


less than a man if he did not resent the 
introduction of any system which deals 
with him in the same way as a beast of 
burden or an inanimate machine. 

In an effort to stimulate the workmen 


to increased activity various methods are 
used under different systems—such as 
discharge, fear of discharge, stop-watch 
time studies, and bonuses. The fear of 
discharge exists under any system and, 
no doubt, will continue to exist and to 
act as stimulus. The establishment of a 
premium or bonus presupposes the estab- 
lishment of a task. The bonus system is 
based upon the establishment of a task 
large enough for an ordinary day’s work 
and then giving additional compensation 
aS an inducement to a workman to do 
more than he would ordinarily do. 

The proponents of the Taylor system 
assert that the workman will be protected 
against any injustice either in the amount 
of work required of him or the compen- 
sation for that work by a change in the 
mental attitude brought about by the in- 
troduction of the system. A mental atti- 
tude which produces a spirit of codpera- 
tion between the employer and the em- 
ployee is much to be desired, but such a 
spirit is not the result of any particular 
system of management, but is due almost 
entirely to the personality of the manage- 
ment and employee and the spirit that 
prevails in their relations to each other. 
Your committee is of the opinion that the 
mere mental attitude of the employer is 
too variable and unsubstantial a basis 
upon which to rest the material welfare 
of the wage worker. 


STANDARDIZATION 


The Taylor system undertakes to stand- 
ardize the tools, machines, nuts, bolts, 
etc., so as to eliminate as far as possible 
the loss of time and waste energy result- 
ing from the lack of standardization. This 
is “a consummation devoutly to be 
wished.” 

Similar operations on similar work can 
be advantageously done in a similar way. 
It is a great waste of effort and thought 
to perform one operation in one way to- 


day and in another way tomorrow. But 
standardizing can be carried too far. 
When standardization has reached the 


point that the cost of maintaining it is 
greater than the saving resulting there- 
from it should be discontinued. 


SYSTEMATIZATION 


Any system that eliminates unnecessary 
and wasted effort is good. It does not 
necessarily follow, however, that because 
any particular system has been branded 
as scientific that the brand alone makes 
it such. 

Conditions vary in different shops and 
a system which would be effective in 
one might not be as effective in another. 
The work and responsibility of selecting, 
evolving, or introducing a system suita- 
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ble to a particular shop must in a great 
measure depend upon the intelligence of 
the management. 

The Taylor system undertakes to sys- 
tematize the work first, by the establish- 
ment of a planning department; second, 
by detail study of the shop and the ele- 
ments of a particular piece of work; 
third, by a routing system; and out of 
these grow a multitude of other details 
such as job cards, routing cards, time 
study, and many others. So much of this 
kind of detail work is needed under this 
system that it appears to your committee 
that constant care would have to be exer- 
cised in order to prevent the overhead 
charges thus created from using up all 
the benefits which might be derived from 
the proper systematizing of the work. 


PLANNING 


Every well regulated industrial estab- 
lishment should have a planning depart- 
ment proportioned to the size and need 
of the shop. In establishing a planning 
department practical common _ sense 
should be used the same as in every- 
thing else. In a small shop the manager 
might easily be his own planning depart- 
ment. In large establishments a separate 
department could be utilized to advantage 
for the proper planning of the work. 


StubY OF DETAILS OF SYOP AND WORK 


A detailed study of the elements of 
every piece of work for the purpose of 
discovering the best system of handling it 
and the elimination of unnecessary work 
on the part of the workman may be and 
no doubt is under some circumstances 
productive of good results. That is par- 
ticularly true when unskilled men are 
selected to do skilled work and it becomes 
necessary to study their movements in 
order to train them to that standard of 
efficiency which skilled men have already 
attained; but it is neither as essential 
nor as beneficial where men are employed 
who are trained and skilled in the par- 
ticular line of work they are expected 
to do. 


ROUTING 


It is always an advantage to have the 
work properly routed through the shop, 
although it is not at all times necessary 
that a routing card should be made out 
to accompany the work. In small shops 
the routing might be done very effectively 
by the oral direction of the foreman. In 
larger establishments routing cards are 
beneficial for the effective handling of the 
work and they are made more effective 
when the machines are properly arranged 
and grouped so that the work can pass 
through with as little handling as pos- 
sible, but even in large shops where the 
same work is being duplicated day after 
day it would be a waste of time and an 
unnecessary expenditure of energy to 
furnish a routing card for any job after 
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the work had reached the point where it 
automatically routes itself. 


STIMULATION 


Here is the crux of the difficulty in the 
introduction of the Taylor or any other 
system of so called scientific manage- 
ment. So far as the workmen are con- 
cerned, they have not made any serious 
objections before your committee to 
standardizing or systematizing of the 
work, but they have vigorously protested 
against stimulation on the grounds that it 
tends to injure their health through over- 
work, and that while their wages may be 
temporarily increased, the result is that 
they are ultimately required to expend 
the greater amount of energy without re- 
ceiving any additional pay. 

In the judgment of your committee the 
best and most effective stimulus that can 
be given to the work in a shop is to secure 
and hold a fine spirit of coOperation with 
the management on the part of the work- 
men. That cannot be secured through 
timing the operations of the workmen 
with a stop watch when he considers such 
a procedure an indignity which recog- 
nizes him as being in the same class as a 
beast of burden or a machine, or when he 
censiders such a time study inaccurate, 
and therefore unjust to him, or when he 
knows that it is to be used as a basis 
from which to compute the speed at 
which he must work and the wages he is 
to receive, when in his judgment the 
work, speed, and wage rate are being 
establisned in order to secure greater 
profits for the employer at the expense of 
the workmen. 

A straight piecework basis may be used 
as a stimulus to workmen without injury 
to them on work that is continuously 
duplicated for a prolonged period of time, 
provided the workmen are so situated 
that they can protect themselves against 
the entire power of the management 
being centered upon them individually to 
compel them to work beyond their normal 
capacity, and provided, further, that they 
can secure a satisfactory guaranty that 
when the piece rate has been once estab- 
lished it will not be reduced unless the 
methods of production are materially 
changed, and reduced then only in pro- 
portion to the reduction in mental and 
physical energy required in the produc- 
tion of the article. 

In any form that stimulation may be 
used, except that of true codperation, con- 
tinuous care must be had that quality is 
not sacrificed to quantity. 

By mutual consent bonus and premium 
work may be introduced, but only with 
scrupulous care that the workman shall 
have full opportunity for increasing his 
earnings without risk of overstrain, for 
collective bargaining, if he should so de- 
sire, and for easy and direct appeal to the 
management in any cases where he may 
think his interests threatened. 
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The 


Public Highways in the 


State Administration of 


United States 


In the early Colonial period, when the 
entire inhabited area of this country ex- 
tended back enly a few score miles from 
the sea-coast and when each community 


was nearly self-sufficient, highways ot 
any length or degree of dependability 
were few and far between. Inter-city 


travel was very light, and traffic wher 
ever possible was carried on by water. 
Such roads as were built were necessarily 
a local charge on the immediate com- 
munity served. Assessments for their 
construction and maintenance were made 
upon the muscle, material and farm stock 
of the nearby residents, rather than on 
their pocketbooks. 

There was thus established early in our 
history a system of local management of 
roads which has continued in many re 
spects unchanged through two centuries. 

During a half century or more previous 
to the development of the railway, there 
was a movement for state, and even na- 
tional construction and administration of 
at least the trunk-line highways, and con- 
siderable activity in the building of turn- 
pike toll roads by private enterprise. Both 
these lines of development were termi- 
nated by the coming of the railway, and 
the construction and administration of 
public roads lapsed to their original 
primitive condition. 

With the growth of the country and the 
increasing need of some better roads, 
something had to supersede the old hap- 
hazard method where towns and “road 
districts” worked the roads. A system of 
county administration grew up in most 
of the states. Villages and townships 
cared for their own local streets and 
highways, but the county provided the 
funds and officials to build and maintain 
the main through highways. 

The advent of the bicycle in the early 
90’s awakened a new interest in high- 
way construction, and aM over the country 
““gcod-roads”’ sprang into 
vigorous life. As a primary result of this 
campaign, a demand arose for engineers 
competent to build good roads. The 
“highway surveyor’ who laid out and 
built the dirt roads, or even the county 
surveyor knew little or nothing concern- 
ing Telford or Macadam and their work. 
The need of central authority to 
supervise road construction became ap-’ 
parent in many states. 

In 1892, New Jersey enacted the first 
law authorizing state aid for good-roads 
construction. In the 20 years since then 
the idea has extended to nearly all of the 
states in the union, so that today over 
60°, of them have passed in some form 
or another laws under which the state has 
some part in the construction of public 
highways. 
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These laws vary within wide limits, but 
they may be roughly divided into two 
classes, those which provide financial and 
technical assistance to counties or towns 
undertaking good-read construction and 
those which merely provide advisory or 
experimental state bodies to disseminate 
information regarding good-roads_ con- 
struction. Out of the 48 states now com- 
prising the union, 26 have passed laws 
providing for some sort of financial state 
aid for road construction, six states have 
advisory and experimental bodies, and 
the remaining 16 states have done little 
or nothing to promote good-road con- 
struction, save, perhaps, the furnishing of 
convict labor or the construction of roads 
in state reservation. 
few of have passed 
complete laws regulating highway con- 
struction, so that it is a difficult task to 
compile the various legislative acts and 
determine the exact status of the highway 
laws. For purposes of general compari- 
however, we have prepared a table 
showing the extent of state aid to high- 
ways in each state of the union. This 
table, which is presented on the op- 
posite page as Table I, has been com- 
piled from the various 
from information kindly furnished by 
state officials. It gives for each state the 
name and duties of the person or body 
entrusted with the state’s portion of road 
control, if such control exists; the title of 
the chief engineering officer of that body 
and his position as an independent state 
officer or as an employee of the body; 
the date of the organization of the pres- 
ent system; the proportion of the cost of 
state-aid highways borne by the state and 
the method of raising funds for state-aid 
purposes. 

The financial-aid road laws vary greatly 
in their character, but their intention is, 
in all cases, to provide some body who 
can efficiently supervise the construction 
of those roads, of which part or all the 
cost is paid by the state. This adminis- 
tration carried on by dif- 
ferent names, make-up and method of ap- 
pointment in the different states, and the 
money for their use is provided by direct 
or 


some 


Very the states 


son, 


state laws and 


is bodies of 


legislative 
funds. This 
money is distributed among the different 


various 


bond issues by 


appropriation 


taxes, by 
of available 
counties by pro rata methods as 
a portion of the total cost of road con- 
struction, the remainder of which is paid 
by county. The state body decides 
where such roads shall be built, prepares 
their design, iets the contract and super- 
vises their construction. The status of 
these roads when finished is variable. In 
some of the stronger state-aid states, the 
road becomes then the property of the 
State to maintain, and in the states where 
appropriations are smaller the finished 
road is turned over to the county for 


the 


maintenance. 
The 26 states which have adopted state- 
aid 


good roads may be further divided 
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into two classes, in which the laws may 
be called “strong” and “weak,” respec- 
tively. In the first class, which comprises 
Alabama, California, Connecticut, Maine, 
Maryland, Massachusetts, Michigan, Min- 
nesota, New Hampshire, New Jersey, New 
York, Pennsylvania, Utah, Virginia and 
Wisconsin, 15 states in all, an extensive 
program of road _ building been 
entered into and large provided 
either by bond issue or special appropria- 
tion. In all of these states well organized 
commissions have been formed and the 
entire supervision of public highways 
has been put in more or less direct charge 
of the state organization. The counties 
and towns may still carry on highway 
construction on their own responsibility; 
but the technical ability of the state com- 
mission is always at their service and 
financial assistance from the state funds 
is often available. 


has 
sums 


Eleven other states, Arizona, Colorado, 
Idaho, Louisiana, Missouri, Nevada, New 
Mexico, Ohio, Rhode Island, South Da- 
kota and Vermont, render financial aid 
to their various counties, and, in the case 
of Rhode Island, towns; but their pro- 
gram is not so ambitious as in the states 
named above. All these states have com- 
missions organized to take charge of state 
roads and having certain advisory powers 
and the right to conduct experiments, but 
the amount of money available for actual 
construction purposes is limited. Except 
for the fact that they do undertake a cer- 
tain amount of actual highway construc- 
tion with state funds, these commissions 
partake more of the nature of the ad- 
visory commissions, whose functions are 
described below. 

The second class of state aid takes the 
form of so called advisory commissions, 
and is in force in Iowa, Illinois, Kansas, 
North Carolina, Oklahoma and Washing- 
ton. These bodies have the same func- 
tion as the United States Office of Public 
Roads, that is, to study the science of 
road construction by investigation and ex- 
periment and to advise any public body in 
the state upon questions of road design 
and They prepare designs 
for within 
are prepared to carry these out, provided 


construction. 


roads and bridges and limits 


the county or township defrays all ex- 
penses. In theory, each of these com- 
missions or engineers, as the case may 


be, has the broadest possible powers of 
advice on matters of road and bridge de 
Sign; but in practice it is soon found that 
the appropriations available 


will cover 





























































only a few of the problems that are sub- 
mitted. In at least two of the 
however, very definite complaints have 
been lodged against the highway commis- 
sion charging that the state body is tak- 
ing away work from private engineers. 
As the laws creating those bodies grant 
them broad powers of advice, the extent 
to which this may be carried only 
limited by the inclinations of the office 


States, 


is 


holders and the size of the appropriation. 

In these states the commissions also 
have charge of those bridges and roads 
which are purely state structures, and are 
further prepared to give advice on bridge 
construction where the bridges are along 
public roads. They prepare standard 
specifications and drawings for the design 
of bridges, which have proved most 
valuable to many communities, but here, 
as in the case of the highways, they have 
been at times criticized for taking work 
away from private engineers. Their de- 
fense is usually that the towns or coun- 
ties soliciting their advice would never 
call in a private engineer, on account of 
the expense and that in time this free 
engineering advice, which, as has been 
said, is limited by available funds, will 
tend to show communities the need and 
desirability of engineering consultation in 
such matters. 

A further duty of the commissions of 
both classes, and one that has not as yet 
been extended as far as it might or 
should be, an inspection of all the 
bridges within the state with the view to 
insuring their safety. A commission pro- 
vided with sufficient funds for inspection 
and ample powers of condemnation of 
bridges could prove a very effective guar- 
dian of the lives and limbs of travelers on 
the state’s highways. 

The personnel of the different commis- 
sions is extremely varied, as may be noted 
under the heading 
large table. For purposes of comparison 
the various types may be divided, 
shown in the accompanving Table II, into 


o. 
Is 


“composition” in the 


as 


ex officio bodies; bodies made up of 
state officers, ex officio members and of 
other citizens, the latter serving either 
with or without salary; bodies made up 
entirely of citizens, serving either with or 
without salaries, and those commissions 
made up of one commissioner and his 
assistants. The members of the ex officio 


bodies are, as a rule, the governor of the 
state with various members of his coun- 
cil, but in five states (see Table II) the 


recommendation of the U. S. Office of 





TABLE IT. SHOWING PERSONNETD OF 
Ex-officio and citizens 
Ix-officio No salar Sa 
g) 1 1 
Tdaho *Alabama Ma lar 
*Towa Ne Yor 
Missouri * Virginia 
Nevada Washing 
N« Hampshir 
Ne Mex ) 
North ¢ i 
*Utal 
fIneh professors from various coll 
appointed 
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Klected \ o ( ire 


598 


Public Roads in its model state-aid bill 
has been followed, and members of the 
faculty of colleges in the state have been 
called into service on the commissions. 

In the remaining 16 states, Arkansas, 
Delaware, Florida, Georgia, Indiana, Ken- 
tucky, Mississippi, Montana, Nebraska, 
North Dakota, Oregon, South Carolina, 
Tennessee, Texas, West Virginia and 
Wyoming, the states have no authority 
over, nor financial interest in, any but 
purely state roads, which are very limited 
in extent and cared for by various officials 
cannected with the state government, but 
not devoted exclusively to highway mat- 
ters. In Georgia and in Wyoming con- 
vict labor is contributed by the state to 
aid the counties, though in the latter of 
these two states even that aid is very 
limited. In Delaware there are state 
highway commissioners appointed for two 
of the three counties, but their duties in 
connection with state roads are very 
slight. Aside from these exceptions, all 
of the above-named 16 states cling to the 
old county, town or highway district ad- 
ministration, with officers for that admin- 
istration a part of the local personnel, 
and with funds for road construction pro- 
vided by the local body. The last column 
of Table I refers to all of these states as 
“all county work.” This is a general term 
to cover all local administration, but in 
the majority of the states where no state 
aid has been extended, the county is the 
basis of highway control. 

In nearly every one of these states, 
however, there is a marked agitation for 
the adoption of some state action with 
reference to good-road construction, and 
usually for financial aid. In a_ few 
states this agitation has reached the legis- 
lature in the form of a bill which may be 
expected to be enacted into law in the 
present year. Until such laws are passed, 
however, it will serve no useful purpose 
to record their contents here. 

It is perhaps not necessary to note that 
the federal government appropriates no 
money for highway construction, except 
for the various federal districts, terri- 
tories and reservations, and there the ad- 
ministration of the highways is under the 
authority of the heads of the various sub- 
divisions. The United States Office of 
Public Roads is a bureau of the Depart- 
ment of Agriculture and is authorized 
by law only to carry on experiments in 
highway construction and to disseminate 
through the country such information as 
would tend to improve the quality of 
roads. A powerful campaign is being 
carried on by certain interests to secure 

deral appropriation of funds for high- 
“ay purposes, and a number of bills to 
that end are pending in Congress; but 
the danger in opening the floodgates and 
allowing money from the national treas- 
utv to be anpropriated for such purely 
local work as hishway construction have 
been pointed out by President Taft and 
by «.her men prominent in public life. 
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The Cableway. Accident at 


the Pathfinder Dam 


A detailed account of the cableway 
accident at Pathfinder, Wyo., which was 
briefly noted in our issue of Feb. 22, is 
now available in the form of a letter 
from R. F. Walter, Supervising Engineer, 
U. S. Reclamation Service, Denver, Colo., 
to the Director of the Service at Wash- 
ington, D. C. The accident occurred Feb. 
9 at a time when the cableway was in use 
for transporting a load of concrete across 
the canon of the North Platte River at 
the site of the Pathfinder dam. The guy 
lines, or anchor cables, by which the 
main tramway cable was secured to the 


\. Endless Hoist Cable ran 
A Sheave fastened 





SKETCH TO SCALE, SHOWING ARRANGE- 
MENT OF ANCHOR CABLES OF 
PATHFINDER TRAMWAY 
(Sketch contributed by H. D. Com- 


stock, Assistant Engineer, U. S. Recla- 
mation Service, Pathfinder, Wyo.) 


south wall of the canon, suddenly 
snapped. Five men at work near the 
edge of the declivity were struck by the 
flying cables and fell to their death into 
the canon. 

The three anchor cables, after the acci- 
dent, showed, in each case, a clean break 
close to their U-bolt anchorages. There 
is no information as to which cable failed 
first. Their arrangement is shown in the 
accompanying sketch. 

Less than two days before the accident, 
the west guy line had been shortened to 
the length shown to shift the main cable 
toward the west, and the tramway had 
been in use in this position for not more 
than six hours. No computations of 
stress could be made since no definite in- 
formation was available concerning the 
sag of the main cable. 

An abstract of Mr. Walter’s detailed 
account of the accident follows: 


The accident at the Pathfinder dam, at 
1:24 p.m., Feb. 9, 1912, was caused by the 
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breaking of the anchor cables supporting 
a tramway on which concrete, equipment 
and supplies were transported across the 
cahon of the North Platte River, at the 
site of the dam, where the canon is about 
200 ft. deep. 

The tramway consisted of a main 
eable, which was originally 1°, in., but 
which measured at time of accident 15% 
in. The cable was anchored on. the 
south side on top of the canton by a crow- 
consisting of three U- 
bolts placed in holes drilled into the 
solid rock, two of these being made of 


foot anchorage, 


1%4-in. hexagon steel and the other of 
l-in. steel. When these U-bolts were put 
in, the ends were split before they were 
driven into the holes, which caused them 
to wedge at the bottom and prevented 
their pulling out. To two of these U- 
bolts were attached two strands of 1-in 
galvanized guy cable, and to the third 
U-bolt three strands of 1-in. guy cable, 
making seven 1-in. strands in all, the 
other ends of these guy cables being at- 
tached to the tram cable. 

At the time of the accident, this tram- 
Way was being used for transporting 
concrete across the canon to a ladder- 
Way which was being constructed on the 
face of the south-side canon wall. This 
ladderway was in the shape of a shaft, 
the canon wall forming one side and the 
other three sides being inclosed by a 
concrete wall, the rungs of the ladder 
being of 2-in. galvanized pipe with the 
ends embedded in two of the concrete 
walls. The tramway was being used for 
the transportation of conerete used in 
the construction of this concrete wall 
and ladderway. 

When construction of the ladderway 
was first begun, the main cable was 
pulled well over toward the east U-bolt 
so as to draw the tram line as far east 
as possible. The ladderway was then 
constructed to a point where the surface 
of the canon wall made it necessary to 
make a slight detour from a straight 
line. In order to facilitate the laving of 
concrete at the top of the ladderway, on 
Feb. 7, two days before the accident, the 
lengths of the cables were 
changed by letting out the east and tak- 
ing up the west cable, so that the tram 
line then passed a little to the west of 
the center U-bolt. 


anchor 


The points on the guy cables which 
came in contact with the U-bolts were 
all changed when the anchorage was al- 
tered. Frequent Inspection was made of 
the anchorage by the master mechanic, 
who had made his last inspection not 
more than 15 minutes before the acci- 
dent, and everything so far as could be 
seen was in wood condition. 

At the time of the accident a skip, or 
pan, containing about 12 cu.ft. of con- 
crete was being transported across the 
When it was about half way 


across, the 


canon. 
cables suddenly 
gave way, allowing the pan and the 
south end of the tram cable to drop into 
the canon. The ladderway had been con- 
structed to the top of the cafion wall and 
the men were working on forms at the 
top of the wall under the cableway. Tt 
is supposed that the guy cables struck 
them and knocked them off, one man 
being entangled in the cables when 
found. 


anchorage 


The master mechanic after finishing 
his inspection of cables had stepned 
down near the ladderway and was talk- 
ing to the foreman. He states he heard 
one snap and was then knocked down by 
being struck with something, presum- 
ably one of the guy cables. The: fore- 
man was also knocked down and fell 
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close to the edge of the cafhon wall but 
did not go over. Both the master me- 
chanie and foreman received cuts on the 
backs of their heads. One of the work- 
men Who was walking across the dam 
it the time of the accident states that 
the first thing he noticed was the cable 
ind pan falling, then four men falling 
through the air He looked away to 


avoid seeing them strike the bottom, and 


when he looked again he saw the fifth 
man just falling Several men were 
working at the bottom of the canon and 
rushed to the assistance of the injured 
men, but all were dead before’ they 
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reached them, except one who was still 
breathing but unconscious, and who died 
a few moments later. 

A coroner's inquest was held at Path 
finder, Wyo., on the morning of Feb. 10 


and a very careful investigation was 
made to the cause of the acci 
dent, eould be 


Careful examination showed that all 


ascertain 


but no assigned 


cause 


gwuy 


cables used as anchor cables broke at 
the point of contact with the anchor 
bolts and all showed clean, new breaks, 
indicating that the cables were sound 


No cable clamps had slipped and, except 


for the breaking of the guy cables, 




















Vthing was whol ind it sood con 
dition It s estimated that including 
the Weight of the skip, conerete ind 

ibles, the load at the time of the acci- 
dent was not over 3600 Ib... which left a 
hat facton of safety The corone? 
jury rendered a verdict of unavoidable 
accident 

What makes this accident more deplor- 
able is the fact that it is the first fatality 
n connection with the building of the 
Pathfinder dan and that the ladderway 
Was practically, completed and work 
would have been tinished and the 


men 


discharged in few 


days. 








ConcentrationofWaterPowerControl 


Within the last decade, through the de- 
velopment of electric transmission of 
power, our water-power resources have 
come into national importance. Power 
from a single source can now reach a 
marketing area of at least 100,000 square 
miles. Water power, once strictly local, 
has thus suddenly been brought within 
the sweep of large economic forces. This 
report shows the results: 

(1) An increasing concentration of the 
control of water powers by certain large 
interests. 

(2) Extensive relationship between 
water-power interests, public - service 
companies (street railway, lighting, and 
power concerns), and banks. 

(3) The need of developing our water 
powers as promptly and completely as 
practicable. Use of water power means 
conservation of fuel. 

(4) The need for a definite public pol- 
icy with respect to water powers. The 
effective means of applying such policy 
is through the control of the power site. 
It cannot be applied through fixing the 
price of water power independently of 
fuel power. 

Total Developed and Potential Water 
Power—tThe total stationary power now 
used in the United States—steam, water 
and gas—is probably over 30,000,000 hp. 
Our total developed water power is about 
6,000,000 hp. The bureau considered 
only developments of 1000 hp. and over. 
These amount to about 4,000,000 hp., and 
three-fourths of this is ‘commercial 
power” (power produced for sale). Un- 
less otherwise stated, the power discussed 
herein is all “commercial,” and is de- 
veloped power (i.e., either actually in- 
stalled or under construction). 

Our water power now economically 
capable of development probably does not 
exceed 25,000,000 hp., including that 
already developed. Any such estimate is, 
however, necessarily approximate. The 
total developed and undeveloped is mainly 
in the Far Western States, the Lake 
States, and certain Atlantic Seaboard 
Stotes. 

Concentration Forces—There are three 
main causes of the consolidation of water 
powers. 





The control of the water power 
of the United States is rapidly 
coming into the hands of a few 
great 
Water Power Development in the 


interests. A report on 
United States has just been is- 
sued by Herbert Knox Smith, 
Commissioner of Corporations, 
showing, that ten great groups 
of capitalists control between 
them 60°, of the developed com- 
power of the 
Mr. Smith urges 


that all our available water power 


mercial water 
United States. 


should be developed as promptly 
as possible since use of water 
power reduces the drain on the 
fuel supply, and also that a defi- 


nite public policy with respect 


to public control ot water power 
should be established. 





*A\bstract from a Report to the 
dent by Herbert Knox Smith, 
sioner of Corporations. 


Presi- 


Commis 


First, economy in operation. A small 
water power, operated independently, 
rarely justifies the large investment usu- 
ally necessary in transmission and dis- 
tributing lines; but by “coupling up” sev- 
eral powers on the transmission 
lines their use often becomes practicable. 

Again, ‘‘coupled” power sites can sup- 
plement each other. One plant, lying idle 
in hours of low demand, can accumulate 


same 


reserve “pondage” of water while the 
other serves the market. 
Furthermore, the demand for power 


made upon a given power system usually 
comes from several different sources. By 
uniting different power markets much 
greater uniformity in this power demand 
is often obtainable and is obviously de- 
sirable. 

Second, specialization in engineering 
enterprise. In this comparatively new 
field the expert knowledge of a few engi- 
neering, electro-equipment, and financial 
concerns tends toward dominance by such 
concerns. 


Third, the elimination of competition 
There is less opportunity for competition 
in water power than in most industries. 
The opportunity to eliminate competition 
by controlling the best power sites and 
the chief consuming interests is undoubt- 
edly a factor in bringing about concentra 
tion of water powers. 

Water power also tends to become the 
nucleus for a monopoly of both water 
and steam power. 
and distributing necessary for 
important water powers are in themselves 
a naturally monopolistic factor. They 
are not likely to be duplicated by { iel- 
power producers. The water-power own- 
ers, on the other hand, if the water power 
cannot meet the entire power demand of 
the given locality, can construct or ac- 
quite auxiliary fuel plants and handle this 
power over the same distributing lines, 
and thus gradually build up a complete 
commercial power monopoly. Such, in- 
deed, are the existing facts in a number 
of communities. 

The actual effect of these great forces 
is now everywhere apparent. 

Local Concentration—In California six 
great power corporations, of which the 
most important is the Pacific Gas & 
Flectric Co. (with 118,343 hp.), together 
control 375,000 hp., over 86°; of all the 
developed water power in the state. 

In Washington two companies control 
210,000 hp., or about 70° of all de- 
veloped water power. 

In South Carolina the Southern Power 
Co. owns about 101,000 hp., or 75°: of 
the total commercially developed, with 
73,000 hp. undeveloped. 

In the Southern Peninsula of Michigan 
the Commonwealth Power, Railway & 
Light Co. controls 52,000 hp., or 73°% of 
the commercially developed, together with 
probably 71,000 hp. more undeveloped. 

Practically similar conditions exist in 


The great transmission 


systems 


Montana, Colorado, Georgia, and at 
Niagara Falls. 
Control by Interests—More important 


are the great groups of 
water-power interests. There are 10 
groups of interests each controlling, or 
influencing through mutual directors and 
officers, over 50,000 hp., developed and 


still, however, 
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under construction. By far the widest 
sphere of influence is that of the General 
Electric Co., primarily an electric-equip- 
ment concern. The General Electric in- 
fluence takes three forms: First, by abso- 
lute control; second, through interowner- 
ship of stock and community of directors; 
third, simply community of directors. In 
the first class there are six companies, 
with about 83,000 hp.; in the second 
class 8, with 419,000 hp.; and in the 
third class 10, with 437,000 hp.; a total 
of 939,000 hp. of developed water power 
in 18 different states. In addition, this 
group controls about 640,000 hp., unde- 
veloped, a grand total of over a million 
and a half horsepower. 

Next are the Stone & Webster interests, 
which own or strongly influence 278,000 
hp., chiefly in connection with public- 
service concerns. They exercise control, 
largely, through management rather than 
ownership, over 55 or 60 companies. 
Eight have water power, the largest being 
on the Mississippi River and in the Puget 
Sound region. 

The other groups are the Hydraulic 
Power Co. of Niagara Falls, 144,000 hp.; 
the Pacific Gas & Electric Co., with over 
118,000 hp. developed and the dominating 
factor in a large portion of California; 
the group known as the Clark-Foote- 
Hodenpyl - Walbridge interests, 104,000 
hp., largely dominating the water-power 
situation in Michigan and also active in 
Maine and Oregon; the Southern Power 
Co., 101,000 hp., which owns the great 
bulk of the commercially developed power 
in South Carolina; the S. Morgan Smith 
76,000 hp.; the 
Brady interests (Tennessee), 70,000 hp.; 
the United River Power Co., 
65,000 hp., which, with the Butte Elec- 
tric Power Co. (General Electric group), 
practically dominates the power situation 
in Montana; and the Telluride Power Co. 
(Colorado, Idaho and Utah), 56,000 hp. 
named nine interests also in- 
clude under their influence 887,000 hp. 
undeveloped. 

Thus 
tion, 


OOO 


interests (Georgia), 


Missouri 


These last 


10 interests, excluding duplica- 
control or strongly influence 1,821,- 
water power, about 
60°: of the total commercial power in the 
United together with 1,449,000 
kp. undeveloped. 


Interrelationship of 


hp. developed 


States, 


Large Interests 

There is a still wider community of inter- 
est. Some of great 
more or less relationship with each other. 
The two greatest, the General 
and the & Webster 
directors in a number of 
porations, and the S. 


Westinghouse, 


these groups show 
Electric 
Stone have 
cor- 
Smith, 


are 


groups, 
the 
Morgan 
Brady 


same 
and interests 
similarly connected. 

Water-power and Public-service Com- 
There is, furthermore, an_ in- 
creasing affiliation of water-power con- 
cerns and public-service companies. The 
companies in the General Electric group 
control street railways in 16 towns, elec- 


panies 
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tric-lighting plants in 78, and gas plants 
in 19. Altogether, water-power or allied 
companies own or control and operate 
street railways in 111 towns, electric- 
lighting plants in 669 towns, and gas 
plants ir 113 towns. 

The reasons for this are obvious. Con- 
trol of the chief consumers of power both 
assures a market for power and exciudes 
others. This connection between great 
power groups and the agencies that di- 
rectly serve the public is of serious pub- 
lic significance. 

The whole concentration movement is 
still going on. This report has, as far as 
possible, been brought up to date, but 
since it went to press new mergers have 
occurred. 

Interlocking Directorates—A more gen- 
eral relationship, of a sort not peculiar to 
water power, but nevertheless of broad 
public significance, is best illustrated in 
the General Electric Co. Men who are 
officers or directors in that company, or of 
its three wholly controlled subsidiaries, 
are also officers and directors in many 
other corporations. These other com- 
panies, with their subsidiaries, and with 
the General Electric and its subsidiaries, 
make a far-reaching group thus intercon- 
nected by active personal and financial 
relationship. This one group of interre- 
lationships controls or influences 24 cor- 
porations that operate’ hydro - electric 
plants; over 50 public-service corpora- 
tions, not counting as many minor sub- 
sidiaries; and, finally, this one group of 
interrelationships includes numerous rail- 
road and industrial corporations, and 
over 50 banks and financial houses, many 
of them in the first rank of importance. 
About 20 “General Electric” men in all 
constitute most of this chain of connec- 
tion, three of these being members of the 
firm of J. P. Morgan & Co., which is 
generally regarded as the dominant inter- 
est in the General Co. These 
connections in no sense always mean con- 
trol by the General Electric Co., or even 
identity of policy. They do, however, 
mean a striking degree of community of 


interest 


Electric 


Resulting Public Issues This great 


concentration movement is in a field 
where the public is peculiarly interested. 
Power is 
dustry. 

Ce) 


p ower 


t the foundation of modern in- 
The 


The best development of 


facts raise these questions: 
our water- 
the protection of 
for the 
public of its proper share in the 
advantages inherent in the 


resources; (2) 
the consumer; (3) the securing 
whole 
natural re- 
source itself. 

The need for water-power development 
is obvious. The nonuse of water power 
medns the diminution of our other sources 
of power. The water power now in use 
saves at least 33.000.000 tons of 
annually. 

Prompt utilization is therefore essen- 
tial. But it must be frankly recognized 


that the most efficient use of water power 


coal 
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requires a considerable degree of unified 
control. Certain highly monopolistic tend- 
encies are inherent in the water-power in- 
dustry, largely centering around the ex- 
pensive fixed investment in transmission 
and distributing lines. 

Our public policy must recognize both 
the need for utilization and the dangers 
of monopolistic control and take effective 
action on both. It must also recognize 
the close relation and possible conflict be- 
tween water power, navigation and irri- 
gation. 

One very important fact must be em- 
phasized. The point at which such effec- 
tive public safety must be applied is the 
power site itself. The public cannot be 
protected by any attempt to fix by law the 
selling price of water power by itself. 
Nor can any such method secure for the 
public its due share in the natural re- 
source. Fuel power will substantially 
fix the price of all power, because there 
is practically no considerable area in the 
United States where water power can 
supply the entire demand for power. Of 
course, water power cannot be sold above 
the price of fuel power. On the other 
hand, if the price of water power be fixed 
by law below that of fuel power, not all 
the community, in most instances, can be 
served with the cheaper power, and an 
unfair discrimination must result. If we 
take water power by there is, 
broadly speaking, but one effective 
method of control, in so far as the power 
sites are still public property. The pub- 
lic can either develop and operate the 
Site, selling the energy at market rates, 
or the public may lease the site at a ren- 


itself, 


tal fairly representing its natural value. 
In either case the public treasury will get 
the profit due to that 

There may be certain 
stances which 


natural value. 
exceptional in- 
would justify the outright 
sale of public power sites. The rental 
system, however, presents distinct advan 
tages—-foremost of all, that of retaining 
in the public hands the ultimate control 
of the resource. 
is peculiarly 
speaking, 


Assured public 


desirable, 


control 
because, broadly 
water power is 
and permanent, and therein differs from 
almost all the other natural resources, 
which are expended in their using. 
Finally, whatever form of public action 
is taken, th 
first, to 


1t action should be immediate 


save our fuel by the se of 


water power, and, second, because our re- 


public 


maining water are fast 
passing into private control, making regu- 


lation thereafter difficult. 


powers 


An Appropriation of 
made by ihe City 
Ohio, to be 


the sewerage 


$25,000 


Council of Ci 


has been 

cinnati, 
investigation of 
that 
providing sufficient 
Which the design of 

made, At 


system of sewerage 


used in an 
system of city with 
a view toward 


graphical data 


Lopo- 
from 
anew system may be present 
is no unified 
city, 


and which are 


serve the 


any additions 
imme- 
houses for which they are 


made must be only to 
diate 


built 


house or 
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Further Notes on the Spang- 
Chalfant Reinforced-C on- 
crete Building Failure 
Sir—In the interest of accuracy and to 
throw additional light upon the failure of 
the Spang-Chalfant building, I wish .to 
state that while the sketch shown in 
ENGINEERING News, Mar. 14, 1912, p. 
498, is according to the contract plans, 
there was a subsequent change made in 
the plans. A column was added between 
Nos. 92 and 93. This, of course, practi- 
cally doubled the load on column 97. 
This latter column had originally one con- 
crete pile under it. When the change 
was made a spread footing was added on 
top of this pile. A load of 140 tons on a 
spread footing in filled ground and one 
pile did what would be expected of it: it 
forced the column down something over 
114 in. This appears to have been the 
thing that tripped off the wreck. Column 
104 next spalled on the corner toward 

97; then 108 buckled in the middle. 

The floor details on p. 499, while they 
were on a drawing of the “Second Floor,” 
are really details of the first floor. The 
second and third floors and roof are of 
the same character of design, but the 
slabs are only 4 in. deep for the middle 
10 ft. with 3¢-in. rib bars spaced 4'4 in. 
c toc. The gallery floor, which is at the 
second-floor level, is the same as this 
first floor of the office building. 

EDWARD GODFREY. 
Pittsburg, Penn., Mar. 16, 1912. 


The ‘‘Breathing’’ of Water 
Falling-Over a Dam 


Sir—The accompanying photograph may 
be of some interest to your readers. It 
represents the fall of water over a portion 
of the dam in the Licking River at Zanes- 
ville, O., and the purpose of the photo- 
graph is to show the “breathing” or un- 
dulations in the sheet of falling water. 
The point A represents the crest of the 
dam, and B the point where the water 
strikes the bed of the stream. The height 
is about & ft. 

It will be noticed that the pool of water 
above the dam was as smooth as glass at 
the time the photograph was taken. The 
sheet of water falling over the crest is 
something like 2 in. thick. The dark and 
light portions of the sheet of falling 
water represent the undulations which 
travel from the crest of the dam to the 
bed of the stream and which grow further 
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UNDULATIONS IN THE SHEET OF 
FALLING OVER A DAM 
8 FT.) 


WATER 
(HEIGHT, 


apart as they near the bottom. The fall 
of water is vertical over a sharp crest and, 
at this stage, gives forth a sound re- 
sembling the open exhaust from a small 
slide-valve engine running at, say, 150 
r.p.m. 
J. F. JACKSON, Vice-Pres., 
Milwaukee Bridge & Iron Co. 
Milwaukee, Wis., Mar. 14, 1912. 


More Concerning Mr. Elliott’s 
Dismissal: The Engineering 
Plans for Draining the 
Florida Everglades 


Sir—I have read the editorial in your 
issue of Feb. 22 concerning the dismissal 
of C. G. Elliott from the office of Chief 
Engineer of the United States Drainage 
Investigations, and note that it contains 
one statement which is not entirely cor- 
rect. The editorial gives the impression 
that the irregularity charged against Mr. 
Flliott was borrowing money from private 
persons to continue a survey and then re- 
placing this out of the next year’s appro- 
priation. 

The facts of the case, however, are 
these: For the year 1909, Congress ap- 
propriated a lump sum to be equally di- 
vided between Drainage [Investigations 
and Irrigation Investigations. Mr. EI- 
liott’s superior made him a statement in 
the usual manner, of the amount of 
money which would be available for his 
use during this year, after the necessary 
amounts had been withdrawn to pay for 
administration. Mr. Elliott kept within 
his appropriation for the year, and at the 
close of the fiscal year on June 30 had 
spent about S800 less than the amount 
appropriated te his division. Early in 


July, Mr. Elliott’s office was informed, 
during his absence in the West, that the 
Office of Irrigation Investigations had 
overspent its appropriation and that on 
this account a part of the bills incurred 
by Mr. Elliott’s office could not be paid. 
An official of Irrigations Investigations has 
stated that their appropriation had not 
been exceeded, but that the fault lay in 
the general administration, for which 
neither of the two offices was responsible. 
The accountant for the Office of Experi- 
ment Stations, of which the Drainage In- 
vestigations is a branch, suggested the 
arrangement for covering the deficiency 
which was described in your editorial. 
These suggestions were forwarded to Mr. 
Elliott by mail, and he acquiesced in 
them, as having the authority of the Ac- 
counting Department. On his return to 
Washington, he signed the necessary 
papers which had been prepared for him. 
fhus not only did Mr. Elliott not profit 
personally by any breach of red tape, but 
such a breach was the direct result of the 
faiiure of his superiors to furnish him 
with the funds which had been appropri- 
ated for his office by Congress. 

As is known to everyone connected 
with the case, there ic a close connection 
between Mr. Eliott’s dismissal and the 
suppression o° certain reports on the re- 
clamation of the Florida Everglades. One 
of Mr. Elliott’s subordinates prepared a 
report on the drainage of the Everglades. 
At this time Mr. Elliott had confidence in 
this assistant and the report was allowed 
to go to press without his examination of 
the engineering features. While it was 
being prepared for printing an examina- 
tion was made and it was found that the 
report was more favorable than was justi- 
fied by the facts, and that Mr. Elliott’s 
instructions concerning the capacity of 
channels and other features had not been 
carried out. Mr. Elliott therefore re- 
wrote the engineering features of the re- 
port and asked to have this published in 
place of the criginal. The printing of this 
amended report, and of a preliminary 
circular outlining conditions in the Ever- 
glades, were objected to by persons inter- 
ested in selling Florida lands. The circu- 
lar was suppressed, and the report was 
never issued. 

Previous to this time, however, the 
engineering features of the original re- 
port, containing all of its faults, had been 
made public, and for two years have been 
used by land-promotion companies as 
advertising literature. One real estate 
man purchased about one million acres 
of land in the Everglades, agreeing to pay 
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S2 per for it in installments. A 


large part of these lands have been sold 
in tracts of about 10 acres for from $24 
to S80 an acre. The total amount paid 
out by the purchaser, in advance of be- 
ginning the sale of the lands to small 
purchasers, was less than $100,000. 

During 1911, a resolution was passed 
in the United States Senate providing for 
printing a number of public documents 
concerning the State of Florida. The 
United States Office of Drainage Investi- 
gations was called upon to furnish its re- 
port on the drainage of the Everglades. 
The revised report, as prepared by Mr. 
Elliott was furnished, but before being 
printed, it was sent to Florida where it 
was replaced by the original report con- 
taining the inaccurate engineering state- 
ments, and this unamended report was 
printed, with other data, as Document 89, 
62d Congress, Ist Session. The data for 
Senate Document No. 89 were collected 
and arranged by an employee of the 
Everglades Land Sales Co. 

I would like to draw your attention to 
some of the engineering features of this 
report: 

Under the subject Evaporation, the 
author of this report, J. O. Wright, gives 
his reasons for depending upon an evapo- 
ration of 0.3 in. in 24 hours for the space of 
two months during the summer, during 
which time the rainfall will amount to 
24 in. On p. 167, under the heading 
Run-Off, the author states that the differ- 
ence between rainfall and evaporation is 
the run-off or drainage that must be pro- 
vided for. He assumes that the theoreti- 
cal evaporation of 0.3 in. per day would 
actually take place over the entire water- 
shed for the entire 60 days of the period 
under consideration, and that where the 
average daily rainfall for two months is 
0.387 in. and the evaporation 0.3 in., that 
the average run-off would be 0.087 in. 
He makes no provision whatever for ex- 
cessive run-off after extreme storms, 
which may amount’to 7 in. orgmore in 24 
hours, according to the rainfall tables 
submitted. 

It is interesting to compare these state- 
ments of evaporation with the records of 
evaporation at Lake Tahoe, California 
(as given in the last number of ENGI- 
NEERING News), where the rainfaib is 
very much less and the maximum sum- 
mer temperature is somewhat greater. A 
comparison shows that the evaporation 
estimated by Mr. Wright during summer 
months having 12 in. of rainfall is ap- 
proximately double that observed on Lake 
Tahoe. As Mr. Wright sees the situation, 
75% of the maximum rainfall for these 
two months will be evaporated. He 
assumes to provide storage capacity in 
Lake Okeechobee for 20%, leaving only 
5% to be carried by canals from Lake 
Okeechobee to the Gulf, in order to pre- 
vent the overflow of the lake or its rise 
above a stage of 19 ft. above sea-level. 
Should he have made a mistake in esti- 
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mating the evaporation so that only 70% 
of the rainfall will be evaporated instead 
of 75°, his canals will have but one-half 
the necessary capacity. Should he have 
made a mistake of 50‘; in the evapora- 
tion, as seems possible, the canals will 
have to have about seven times the ca- 
pacity now provided. 

There are other questions which will 
occur to the engineer reading this report. 
If 75°: of the rainfall of the two wettest 
months is evaporated, then doubtless all 
of the rainfall of the drier months will 
be evaporated and the Everglades will 
have more the appearance of a desert 
than of a swamp. With such a high rate 
of evaporation it would also be assumed 
that at the beginning of the wet period 
there would be considerable storage ca- 
pacity in the loose muck soil of this drain- 
age area, and that all of the excess of 
rainfall over evaporation would be ab- 
sorbed, leaving no run-off whatever. 

Leaving the subject of evaporation, we 
come to the design of canals planned for 
carrying the water. The entire plan is 
based upon the supposition that during 
the dry season the water level in Lake 
Okeechobee is to be gradually lowered to 
an elevation of 16 ft. above sea level and 
that during the wet season it is to fill up 
to an elevation of 19 ft. above sea level. 
The surface of the ground around the 
lake is 21 ft. above sea level, leaving the 
water standing within 2 ft. of the surface 
during high water. On page 179 of this 
report the statement is made that after 
the muck lands have been drained a set- 
tlement of the surface will probably take 
place equal to about one-half of the depth 
of the present surface to the permanent 
water-table, the amount varying with the 
composition of the muck. If such a set- 
tlement of the muck takes place south of 
Lake Okeechobee, the water in the ditches 
during the wet season will be just about 
at the surface of the ground. 

Referring to the tables on pages 169 
and 170, it is seen that the depth of flow 
of each of the canals is estimated to be 
2 ft. less than the depth of cut. That is, 
the surface of the ground being 21 ft. 
above sea level, the surface of the water 
is 19 ft. above sea level. It is noticeable 
that Mr. Wright has estimated the ca- 
pacity of his canals at the highest ‘stage 
of water in Lake Okeechobee, whereas 
the depth of flow at the beginning of the 
storage period will be 3 ft. less than that 
indicated. In all canals except the first 
two, the maximum depth of flow is 5*ft., 
so that the depth during the beginning of 
the storage period will be 2 ft., and the 
mean capacity of the canals from the be- 
ginning of the storage period until the 
lake should reach an elevation of 19 ft. 
above sea level, will be only about 55% 
of that estimated by Mr. Wright. 

In the second paragraph on page 169, 
Mr. Wright states his basis for estimating 
the run-off from the land whichewill be in 
cultivation in the Everglades, if this de- 
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velopment is a success, at a uniform rate 
of 90 cu.ft. per sec. from each township; 
that is, the total run-off for the 60 days in 
this area is the difference between 24 in. 
of rainfall during that period and 18 in. 
of evaporation, and this run-off is esti- 
mated to be absolutely uniform through. 
out the two months and over the entire 
area, although rainfalls of from 5 to 7 in. 
in 24 hours may occur. 

Another fundamental feature in this 
plan is the provision for using the same 
canals for carrying the water out of Lake 
Okeechobee and for irrigation. During 
about six months of the year the rainfall 
is frequently so light that crops cannot be 
raised without an abundant supply of 
water by irrigation. By referring to the 
rainfall tables the difficulty of using these 
canals both for drainage and irrigation 
will be seen. For instance, if it were 
assumed that the wet season is over by 
Nov. 1, and the water in the lake is re- 
tained, to be let out gradually for irriga- 
tion purposes, in case of a month like 
December, 1905, when 15 in. of rainfall 
occurred, there would be no storage ca- 
pacity in the lake to receive it, and the 
Everglades would be flooded. On the 
other hand if it were assumed that stor- 
age capacity must be provided for until 
January, for a period like that from Oc- 
tober, 1903, to June, 1904, when the rain- 
fall was not sufficient for growing crops, 
the lack of a supply of water in Lake 


Okeechobee for irrigation purposes would 
be fatal to agriculture depending upon it. 

These are only a few of the remarkable 
deductions included in this report, but 
perhaps the most remarkable fact is that 
the state authorities and the purchasers 


of this land, knowing that the Chief 
Officer of the United States Drainage 
Investigations office, a man of national 
reputation in his field, had disagreed with 
his subordinate, who was comparatively 
unknown as an engineer, concerning the 
proper plan to be followed in this re- 
clamation, should have adopted the plan 
of the subordinate; should have let con- 
tracts for $2,000,000 worth of construc- 
tion work, and should have sold Everglade 
lands in 10-acre tracts, to tens of thou- 
sands of persons of small means through- 
out the United States, at prices ranging 
from S25 to S80 per acre, without having 
their plans passed upon by the most re- 
sponsible consulting engineers. It is also 
noticeable in this connection that Mr. 
Elliott’s dismissal was made upon the 
complaint of Mr. Wright, who since leav- 
ing the United States government service 
has had charge of the plans of the de- 
velopment of the Florida Everglades in 
the employ of the State of Florida. 

I was in the service of the United 
States Drainage Investigations as Super- 
vising Drainage Engineer for three years, 
including the time of the preparation of 
this report. 

ARTHUR E. MorGAN. 

Memphis, Tenn., Mar. 11, 1912. 
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Sewage Purification Experi- 
ments at Cleveland, Ohio 


Cleveland, Ohio, has done well in de- 
ciding to establish a large working-scale 
experimental sewage-purification plant, as 
announced in more detail in a brief note 
which appears on page 618 of this issue. 
The light that such a plant will throw 
upon the local sewage-disposal problem 
will be of great assistance in deciding to 
what extent the burden of sewage dis- 
posal by dilution at Cleveland should be 
lightened by clarification. In addition, 
many times the cost of the experimental 
plant may be saved by the proposed ex- 
periments. 

Should it finally be proved that a rela- 
tively small degree of clarification is 
sufficient to meet the local conditions of 
the present and near future, the experi- 
mental work will prove all the 
profitable an investment, since it will 
not only save or postpone a large outlay, 
but will also allay the apprehensions 
of many who would otherwise think that 
much was being left undone that de- 
manded immediate action. Should the 
experiments, combined with data from 
other sources, lead to the conclusion 
that relatively comprehensive works are 
needed, then the data gained by the ex- 
periments will be all the more valuable 
as a guide in designing works. In any 
event, it is better to experiment before 
than after building sewage-treatment 
works. An article on the intercepting 
sewers of Cleveland appears on pages 
586-9 of this issue. 


more 








An Investigation of Scientific 
Management 


As some of our readers may recall, the 
attempt to introduce the Taylor system 
into some of the shops connected with the 
Government Ordnance Department, some 
time ago, led to vigorous protest on the 


part of the workmen and a threatened 
strike. 
The matter was brought to the at- 


tention of Congress, and by a resolution 
last August the House of Representatives 
ordered a special committee to investi- 
gate scientific management, made up of 
W. B. Wilson, of Pennsylvania, who is 
chairman also of the House Committee 
on Labor, and who has had a prominent 
career in connection with labor organiza- 
tions in the mining field; William B. Red- 
field, of Brooklyn, and John Q. Tilson, of 
New Haven. Mr. Redfield has long been 
prominent in the machinery manufactur- 
ing field, and is now vice-president of the 





American Blower Co. Mr. Tilson is a 
prominent lawyer of New Haven. 

The committee devoted much time to 
an investigation of scientific management 
as applied in various shops, and gave 
hearings to those interested in the pro- 
motion of various systems of 
ment. 

The report of 
Sented in 
issue, 


manage- 


this committee, pre- 
summary elsewhere in this 
seems to us to agree admirably 
with the estimates of scientific manage- 
ment which have been presented edi- 
torially in these columns. The committee 
frankly recognizes the excellent features 
in the methods of standardizing and sys- 
tematizing manufacturing processes which 
have been developed by Mr. Taylor and 
his assistants. Coupled with this appro- 
val is a needed caution that what will suit 
one shop will not suit another, that the 
system and .outine which is necessary in 
a large shop is a useless expense in a 
small one and that scientific management, 
like everything else in an industry which 
is carried on for profit, must save more 
than it costs or it is not worth while. 

The chief opposition to the introduc- 
tion of scientific management has come 
from the workmen, who have protested 
against being made mere machines and 
also against the speeding-up process on 
the ground that it was calculated to pro- 
duce a pace which only the strongest 
could survive for any length of time. 
This protest is, to a certain extent at least, 
justified, as can be shown by quotations 
from Mr. Taylor’s own writings, where 
it is recounted that a ‘weeding out” of 
the men employed was one of the first 
things necessary to obtain those who 
could stand the pace. 

The committee in presenting its 
port practically condemns this part of 
the Taylor system. It points out that in- 
telligent and hearty codperation between 
the workmen and the employer is essen- 
tial to economic as well as efficient pro- 
duction. With all the aid that systematic 
testing and inspection systems can afford, 
it is not possible to so drive a set of dis- 
contented and dissatisfied workmen that 
they will produce a maximum amount, 
and at the same time not sacrifice the 
character of the product in quality of 
workmanship. 

The committee is to be commended for 
the breadth and judicial character of its 
report. It is worth careful reading and 


re- 


study, not only with reference to work 
carried on by the government, but to pri- 
vate industry as well, for the principles 
which the committee lays down are as 
applicable to shops carried on by private 
enterprise as to those which the govern- 
ment carries on. 
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The Engineering Plans for 
Draining the Florida 
Everglades 


In our correspondence column. this 
week we give space to a letter from 
Arthur E. Morgan, of Memphis, Tenn., 
reciting some further facts in connection 
with the recent dismissal of C. G. Elliott 
from the office of Chief Engineer of the 
U. S. Drainage Investigations. Our read- 
ers will recall that we have given some 
attention to this matter in these columns 
because it seemed to us that substantial 
injustice had been done to a prominent 
engineer and in a way which was calcu- 
lated to injure not only his own reputa- 
tion but the general reputation of the pro- 
fession. 

Another aspect of the case is brought 
forward in Mr. Morgan’s letter, and that 
is the possible connection between Mr. 
Elliott’s dismissal and the promotion of 
land sales in the Florida Everglades. The 
claim is made that the reason back of Mr. 
Elliott’s dismissal was that he had tried 
to prevent his department being made use 
of by promoters who were selling Florida 
Everglades land to “suckers.” This mat- 
ter is now being investigated by the Con- 
gressional Committee on Expenditures in 
the Department of Agriculture, and in 
order to get some idea of the question at 
issue we have waded through——we use the 
term advisedly—a thousand odd pages of 
the hearings which have been in progress 
for a month past before this committee. 

We shall not consume valuable space 
nor tae our readers’ valuable time by 
presenting even a summary of this in- 
vestigation, which, like most such investi- 
gations and like most judicial proceedings 
at the present day, defeats its own ends 
by the extraordinary length to which it is 
drawn out. 

It is proper, however, to call attention 
in this place to the engineering plans 
for draining and making cultivable and 
habitable the Florida Everglades. It has 
been testified in the investigation that 
thousands of people all over the country 
have purchased small tracts of land in the 
Florida Everglades, at prices from S20 to 
$80 per acre. They have made these pur- 
chases on the strength of assurance that 
the State of Florida was proceeding with 
the work of draining these lands, and that 
they will soon be reclaimed. 

It has been developed by the investiga- 
tion that the plans on which this drainage 
work is now being carried on are chal- 
lenged as to their engineering soundness. 
The State of Florida has placed this 
drainage work in the hands of J. O. 
Wright and is carrying out plans for the 
work made by Mr. Wrigitt, and which 
rest entirely on his unsupported authority. 

Mr. Morgan, in the letter published 
elsewhere in this issue, makes certain 
criticisms of these plans which speak for 
themselves. We shall not take space here 
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to review these plans in detail further 
than to present one single fact which, to 
an engineer, speaks volumes as to the 
reliability of the plans under which the 
State of Florida is now proceeding. It is 
of record that Mr. Wright’s estimate of 
the cost of this work involving quantities 
of about 8,000,000 cu.yd. of rock excava- 
tion under water and about 31,000,000 
cu.yd. of earth excavation, was eight cents 
per cubic yard for rock and four cents per 
cubic yard for earth. If there is any 
place on earth where rock of any sort in 
any position has been excavated at a cost 
even approaching this figure, have 
never heard of it. The actual contract 
prices at which the work was let in June, 
1910, were 8c. per cu.yd. for earth and 
20c. per cu.yd. for rock. Even these 
prices will be questioned by many engi- 
neers, we believe, as not representing the 
entire cost of performing the work. 

We need carry the criticism no further. 
It is evident that the State of Florida has 
undertaken a large engineering enterprise 
without any proper assurance that the 
engineering problems in connection with 
it had been studied and correctly solved. 
We give notice now that if the present 
work is carried to completion and the ex- 
pected results are not secured, the blame 
must not be laid on the engineering pro- 
fession. 

What the State of Florida should do is 
to stop all work now in progress and sub- 
mit Mr. Wright’s plans for the Everglades 
drainage to a commission of competent 
engineers. 

That, of course, ought to have been 
done in the first place. No engineering 
work of such magnitude, complexity and 
uncertainty ought to be undertaken until 
the plans for it made by one engineer 
have been approved by a board of engi- 
neers of high standing. 

Past mistakes cannot be remedied, but 
it is possible to cease throwing good 
money after bad. Enough has been made 
public in the congressional investigation 
to make clear the very precarious engi- 
neering foundation on which the present 
plans for draining the Everglades rest. 
The state authorities cannot proceed fur- 
ther with this work in the face of these 
criticisms. Either they must find a sound 
plan for carrying out the work which will 
produce the desired result, or if they can 
find no assurance that the work will be 
successful, it had better be abandoned. 


we 


of 


Government Control 
Water-Power 


Elsewhere in this issue we give a sum- 
mary of the report on water-power de- 
velopment in the United States, made 
by Herbert Knox Smith, Commissioner 
of Corporations. Mr. Smith emphasizes 
one fact upon which all engineers are 
in agreement—that everything possible 
should be done to hasten the development 
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of water powers now unused to the end 
that the present drain on our fuel re- 
sources may be reduced. 

The total developed water power in the 
United States at the present time is esti- 
mated at about 6,000,000 hp., but there is 
several times thts amount of water power 
awaiting development. 

The United States Geological Survey 
estimates the “minimum potential” water 
power of the country at 37,000,000 hp., 
and the “assumed maximum” at 66,- 
500,000 hp., both figures being based on 
stream gagings and excluding possibilities 
from the extensive storage of water in 
large reservoirs so as to regulate the 
stream flow over considerable periods. 
When the possibilities of increased power 
by storage are taken into consideration, 
especially in connection with the fact that 
the bulk of the power demand continues 
for only a small part of the 24 hours, it 
becomes evident that the maximum pos- 
sible water-power development in the 
United States must far exceed even the 
larger estimate above given. 

These figures, however, relate only to 
ultimate possibilities. As the total sta- 
tionary power in use is estimated at only 
30,000,000 hp., it is evident that in many 
sections of the United States the real 
limitation to the development of water 
power is the possibility of finding a 
profitable market for it after develop- 
ment. 

Second only to the public interest in 
promoting the substitution of water power 
for fuel power is the question of water- 
power control. That the business of 
generating and distributing hydro-electric 
power is almost everywhere a monopoly 
is pretty well known; and Commissioner 
Smith himself sets forth cogent reasons 
why it is advantageous to the public that 
the power stations supplying a large ter- 
ritory should be under one control. 

Being a monopoly, however, it must be 
recognized by every unprejudiced student 
of the problem that some sort of govern- 
ment control is certain to be exercised in 
the future. 

One way to effect this control—-and it 
is this method which Commissioner Smith 
favors—is for the state or the federal 
government to retain control of the power 
site: 


The important fact which the Bureau 
desires to emphasize here is that the one 
point at which this right of the public 


can be exercised is in the resource itself, 
the power site, and not by any attempt 
to regulate the price of power. Thus, in 
the case of private operation of water- 
power privileges, the Government 
charge a rental for that right commen- 


can 


surate with the natural advantages of 
the power site. Such rental, moreover, 
can be adjusted from time to time to 


insure the public increased compensation 
to correspond to any increase in the 
value of the power site which may arise 
from increased settlement of the country 
or other causes. In some cases, of 
course, a lease without rental charge 
might be desirable for a limited period, 
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n order to encourage development of in- 


crior sites, which otherwise might not 


be utilized. 
It is not intended to assert that excep- 
conditions may 


tional not in 


sale of 


some 
power 


cases 


justify the outright 


proper to 


sites. 
that 
appears to 
advantages, particularly 
that of retaining in the public hands the 
ultimate control of the 


It is point 
rental 


distinct 


out, however, 


the lease or system 


present 
resource 


There is no denying the fact that the 
theory on which this plan of public con- 
trol is based finds wide popular support, 
and if submitted to a popular referendum 
vote would be adopted by an overwhelm- 
ing majority. 

Water power as a gift of nature be- 
iongs in equity to the public at large, and 
while the public does not begrudge to 
the man or the corporation who develops 
that power a fair profit on the capital and 
industry which he employs, it does rebel 
against the proposal that he and his suc- 
cessors become thereby entitled to the 
sole right to use that power for all time, 
and privileged to charge the public for 
that power whatever they please. 

One may disbelieve in and oppose such 
a theory, but he must recognize the broad 
fact that the public is not going to 
patiently endure uncontrolled monopoly 
in this field. Already public-service com- 
missions have been established in many 
states, armed with laws which give them 
authority over corporations distributing 
electric current, by whatever power gen- 
erated. It is well established that any 
such public utility today is subject to 
state control and regulation not only as 
to its service, but also as to the rates it 
may charge. 

Mr. Smith, however, argues that regu- 
lation of the price at which current may 
be sold will still leave the holders of 
valuable water-power sites in possession 
of property which belongs in equity to the 


public. He says: 

It is self-evident that the price which 
ean be charged for water power cannot 
exceed the price at which fuel power can 
be sold. On the other hand, experience 
indicates that the price of water power 
will not be materially less than this 
fuel-power price. It might be less if the 


supply of water power were greater than 


the market could consume. This, how- 
ever, rarely happens. Indeed, the Bu- 
reau’s investigation indicates that the 
demand for power considerably exceeds 
that which can be economically pro- 
duced from water in every considerable 
section of the country. Therefore, the 
owner of water power has no need, ex- 


ef- 
market, to 


cept for the purpose of temporarily 
fecting an entrance into a 
reduce his price to a point substantially 
below the price of fuel power. 

Under these conditions it would be im- 
practicable to attempt to force by law 
the of water power at a price less 
than that of fuel power, since this would 
result in favoring those 
obtained water power at this lower price. 
The benefits of water would thus 
merely be transferred from a group of 


sale 


consumers who 


power 


water-power stockholders to a group of 
Wwater-power buyers. 
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There are doubtless sites where water 
power can be developed so cheaply and 
sold in such a favorable market that the 
owners of the power are gaining profits 
so large that they ought to be divided 
with the public; but we believe such 
power sites are the rare exception. The 
majority of hydro-electric plants, we be- 
lieve, have no easy task to compete with 
power developed from fuel and pay the 
expenses of operation, maintenance and 
fixed charges. Hydro-electric power must 
be generally sold at a lower price than 
steam power costs in order to compete 
with it, for with steam power the use of 
the steam for heating and other purposes 
in many industries makes the actual 
power cost extremely low. Further than 
this, the factory with its own power plant 
is independent of possible interruptions 
in supply of power due to power-station 
troubles, breaks in transmission lines, 
ete. 

There are, of course, sections of the 
country where a profitable market awaits 
all the water power that can be de- 
veloped; but with the rapid increase in 
possible radius of transmission and with 
the continued development of large pow- 
ers, the water-power promoters in many 
districts are chiefly puzzled to know how 
to find customers for their power when 
developed. 

Further than this, the cost of fuel 
power is rapidly being reduced by de- 
velopments in steam machinery and gas 
and oil engines, so that the power 
monopoly is in a much less secure posi- 
tion than many of the other monopolies 
now under the muck rake. In view there- 
fore of the increasing competition of fuel 
power and of the power of the state to 
regulate and control all public utilities 
the public need not lose much sleep over 
the water-power octopus. 

There is, however, the practical ques- 
tion as to what should be done with the 
great water powers still undeveloped and 
under state or federal ownership. It is 
stated that nearly 14,000,000 hp. of unde- 
veloped water power is still owned by the 
federal government. It is of first im- 
portance that this unused power should 
be developed as fast as the growth of 
population and demand warrants; but the 
public will not stand for any proposition 
to turn it over by either sale or perpetual 
lease to either speculative promoters or 
capitalists. Mr. Smith’s plan for a leas- 
ing system on terms which shall be at 
cnce favorable to capital and protective 
of the public’s property right in this gift 
of nature seems the best way out. 

Of course, such a plan meets with 
strenuous oposition from those who hold 
that public property should in the future 
as in the past be turned over to the first 
private individual who should find it and 
lay claim to it; but the evidence is un- 
mistakable that this way of getting rich 
quick is not much longer to be legalized 
by either the states or the nation. 
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The Effect of Water Vapor 


in Promoting Combustion 


Most engineers are familiar with the 
claim that the presence of water vapor 
in a boiler furnace promotes complete 
combustion. The weight of opinion un- 
doubtedly is that such claims cannot bear 
the test of scientific analysis. The gen- 
erally accepted scientific theory is that a 
steam jet discharged into a boiler fur- 
nace reduces the furnace temperature by 
reason of the high specific heat of the 
steam compared with that of the gases 
produced by combustion, and that while 
the superheated steam may give up a 
large part of the heat which it acquires 
in the furnace before it leaves the boiler 
and passes into the stack, yet a certain 
percentage of heat will be carried off 
with the steam and therefore the net 
effect is to reduce furnace efficiency. On 
the other hand, notwithstanding the 
weight of scientific opinion just cited, 
there is considerable evidence indicating 
that in the case of certain fuels at least 
the presence of steam in moderate quan- 
tity in the furnace does tend to promote 
complete combustion and reduce the 
amount of loss from unburned gases 


‘passing up the stack. 


An interesting side light upon the prob- 
lem above recited is furnished by the 
practical experience of the builders of 
various oil engines, which use as fuel in- 
stead of gasoline some form of kerosene 
or distillates of heavier gravity than the 
standard gasoline. The manufacturers of 
this type of engine have found by ex- 
perience that a small amount of water 
vapor introduced in the cylinder along 
with the oil is of material benefit in mak- 
ing the engine run more smoothly and 
especially in producing complete com- 
bustion of the oil and preventing smoky 
exhaust and carbon deposits in the 
cylinder. 

Now why should the water vapor have 
this effect?’ It is understood, of course, 
that the presence of water vapor will re- 
duce the maximum temperature and pres- 
sure reached at the moment of explosion 
and may then, by virtue of its high 
specific heat, give up part of the heat it 
has absorbed to raise the expansion line 
of the gases on the working stroke. 

The presence of water vapor in the 
charge also reduces the temperature 
attained during the compression stroke 
and thereby enables a higher compres- 
sion to be reached without danger of 
premature explosion of the charge. This 
statement, however, does not account for 
the observed fact that the presence of 
water vapor promotes perfect combus- 
tion in the cylinder, lessens the smoke 
discharge and the carbon deposits. 

The first attempt to give a scientific ex- 
planation of the action of water vapor in 
promoting complete combustion that we 
have anywhere seen, we find in a paper 
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by James A. King, of Charles City, lIa., 
which was read at the recent annual 
meeting of the American Society of 
Agricultural Engineers. 

Mr. King’s paper was entitled “Low 
Gravity Fuels for Internal Combustion 
Tractors.” As may be readily under- 
stood, one of the most important prob- 
lems before agricultural machinery manu- 
facturers is the production of engines for 
traction or other farm purposes, which 
will use ordinary kerosene instead of the 
expensive and dangerous gasoline used 
with most portable engines. Considera- 
ble success has been attained by several 
manufacturers in the production of en- 
gines of this type. As in the gasoline 
engine, a carburetor is used to furnish 
the explosive charge but the kerosene, in- 
stead of being vaporized, is introduced 
through an ator izer so that it enters the 
cylinder as a fine fog. As explained 
above. the use of a small percentage of 
water vapor with the kerosene had been 
found necessary to secure complete com- 
bustion. Mr. King offered in his paper 
above referrea to the following explana- 
tion of the chemical action by which this 
result is produced: 


Into the problem of burning the heav- 
ier oils there erters a chemical peculiar- 


ity inherent in the more complex hydro- 


carbons They are subject to what is 
known as “cracking.” At a given tem- 
perature eny one of them with a mole- 
cular formula above a certain degree of 
complexity wil! break down into a sim- 
pler compouna 

This temperature of cracking is below 
the temperature of ignition, and takes 
place without producing ignition. In 


this process ot cracking a given molecule 
will break down into one or more mole- 
cules of the Except in the 
naphthene or ethylene series this crack- 
ing results in the 

Since the paraffin predominates 
in most of the petroleum fields of the 
United States. ] shall confine this discus- 


same series. 


setting free of carbon 


series 


sion to that series. The following equa- 
tion will tend to illustrate what takes 
place when an oil “cracks”: 

(i). By Heat oA eg Oe. 


before, the temperature at 
which cracking takes place is lower than 
that of ignition. Consequently, this freed 
carbon immediately assumes a molecular 
state. This molecular carbon, unless 
prevented from doing so, is deposited as 


As stated 


amorphous carbon and it is well Known 
that amorphous carbon is decidedly in- 
active under normal conditions 

The above illustrated action will ex- 
plain why it is that the ordinary gaso- 
line engines will not successfully burn 
these lower gravity fuels for any con- 
siderable time without a serious carbon- 
ization of the working parts of the cyl- 
inder and piston 

In view of the facts set forth above 


and which are to follow, it is rather diffi- 
cult to understand the credence given 
to the statement made after the close of 
the 1911 Winnipeg Motor Contest, that 
any engine will successfully burn kero- 
and distillate by 
slight change in the 
the 
hasten the process of vaporization. 
will burn it, But 
fully they must do it 


sene simply making a 
carbureter by which 
charge is heated so as to 
They 


success- 


ingoing 


to burn it 
with the 


yea. 


greatest 
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possibly economy and efficiency. To do it 
with economy an engine must get maxi- 
mum combustion with minimum expense 
or interference with the working of the 
engine. To do it with efficiency the en- 
gine must burn this fuel in such a way 
as to realize a maximum percentage of 
the heat of combustion as useful work 
In either the engine must continue 
to do this throughout its normal life, not 
for a few hours or And it 
this without providing some means 
of uniting this freed carbon with oxygen 


case 


days cannot 


do 


under conditions which shall render the 
resulting liberated heat available as 
work 

It was noted that when a charge of 


between 55 
the presence of a 
water vapor, the com- 
bustion is much more rapid and complete 
than when the water is 
nizing this fact, 
kerosene-burning 


petroleum testing 
Baume ignited in 
small quantity of 


anc 3s 
was 


absent Recog- 
manufacturers of 
engines provide 
for spraying a small quantity of 
into the cylinder with 
the spraying of the fuel. 

The following chemical equations seem 
to explain the reactions which take place 
the time the charge is drawn into 
the cylinder until combustion has ceased: 


some 
some 
system 


water coincident 


from 


(i) “€.e., Heat 2 Co. c 

(2) ©, + * 3; 7 CO, + 16 H. 

(3) 2H,O + Heat {1H 20 

(4). © 450; CO.,. 

(5) 4H + Os 2 HO 

As stated above, reaction (1) takes 
place before ignition and is the process 
known as cracking. When the electric 
spark has ignited the charge a reaction 
such as (2) takes place. The heat gen- 
erated by this is sufficient to run the 


temperature inside the cylinder of an en- 
gine working on normal load up to about 
3000° F This temperature is sufficient 
to dissociate water and so the hydrogen 


of (2) does not unite with oxygen when 
released by the carbon in favor of oxy- 
gen, but remains free. At the same time 


reaction (3) takes place because of the 
high temperature generated by (2). 
Now free carbon and normal oxygen of 
the atmosphere unite only at very high 
temperatures, higher than pro- 
duced inside the cylinder of a 
engine But nascent 
more active, uniting 
tures. So reaction (4) 
(3). The nascent oxygen 
the dissociation of water in 
immediately with the free 
action (4) would liberate 
pensation for that 
that the pressure 
tained. 
Due to 
gases under 
moves outward 
gases within 


those 
working 
oxygen is much 
at lower tempera- 
is coincident with 
liberated by 
(3) unites 
earbon. Re- 
heat in com- 
absorbed in (3), so 
here would be main- 


the law of temperatures of 
compression, as the piston 
the temperature of the 
the cylinder decreases be- 


cause of this expansion. At some point 


in the outward stroke the temperature 
falls below that of the dissociation of 
water. It is then, and not until then, 
that reaction (5) takes place. In this 


reaction the oxygen is that of the air and 


the hydrogen is that which was set free 
in reactions (2) and (3). 
The above paragraphs and equations 


will tend to explain how the presence of 
the water vapor gives complete combus- 


tion when burning these heavier, more 
complex oils. This simple expedient of 
spraying the water thus gives a high 
fuel economy. At the same time it also 
gives a high efficiency. By preventing 
the carbonizing of the cylinders, pistons 


and valves it keeps the engine running 
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freely without the fouling effect of car- 
bonization. This is quite important. 
Carbonization wears and ruins the work- 


ing parts rapidly. It also collects’ in 
cones and other protruding shapes which 
are apt to become incandescent and so 


cause preignition, with its attendant dif- 
ficulties, and other 

It increases the efficiency of the engine 
and also of the fuel by its effect 
terior temperatures. These more 
plex fuels always run an engine hotter 
than do the simpler fuels when pulling 
the same load. This difference in tem- 
perature seems to exist especially at the 
compression end of the cylinder. If an 
engine's cooling system is designed to let 


losses evils. 


on in- 


com- 


the engine work at the highest tem- 
perature consistent with efficiency when 
working on gasoline, it will, When burn- 
ing the heavier fuels, soon become so 
hot that the piston will bind and even 
stick in the compression end of the cyl- 


is used. 
overcomes this 
the water, 


absorbs a 


inder if no water spray 
use of water 
The 


But the 
difficulty 
as shown 
in reaction great amount 
of heat reduces the total temper- 
ature of the cylinder chamber. Of 


dissociation of 
(2), 
and so 


course 


this heat is again given up in reaction 
(5). But when (5) takes place the tem- 
perature has dropped below that point 
where it interferes with the proper 
working of the engine. So that the ac- 
tion of the water is not to decrease the 
total amount of heat units liberated dur 


ing the entire process of combustion, but 
to so distribute it throughout the 
volume of the cylinder that the 

system can properly control it. In fact, 
the presence of the water the 
total amount of heat units liberated, be- 
cause it makes possible reaction (4) 


entire 


cooling 


increases 


Mr. King in his paper above quoted 
distinctly stated that he offered the above 
as a working theory merely, and he did 
not claim to have made any tests or lab- 


oratory investigations to prove or dis- 
prove its correctness. 

In response to a letter requesting 
further information as to the basis on 


which Mr. King has developed this theory, 
he writes us as follows: 


The subject of utilizing low Baumé 
test fuels in internal-combustion engines 
of the Otto type have but re- 
cently attraeted seriously the attention 
of a very extensive public. 

For the past three years the writer has 
been operating experimental farms for 
the Hart-Parr Co., on which our kero- 
sene-burning engines instead of 
have been the general motive 
power in kinds of field work 
The fuel burned in these 
gines saumeé test 
leum engine or South- 
western distillate, being scoured from 
oils from the Kansas and Oklahoma 
fields. This fuel has been used regularly 
in our power-house tests for 
years. 

In our with these 
start them with gasoline. 
from one to five minutes 
until the evlinders 


Seems to 


horses 
used as 
doing all 
generally 
has ae° 
fuel. known as 


en- 


been petro- 


several 
work engines we 
They are run 
on this fuel 
become warmed up 
Then the gasoline is shut off and the 
kerosene or distillate tank connected 
with the carburetor by opening the valve 
in the fuel pipe. The engine is allowed 
to run on this low-gravity fuel without 
the use of water until the engine has 
begun to pound from overheating, which 
occurs in a very few minutes with this 
fuel Then the regulating valve in the 
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water cup of the carburetor is opened 
gradually until this pounding ceases and 
the engine is still running well and 
powerfully. 

Now come the observations which led 
me to make the assumption regarding 
the chemical action of the water and also 
regarding the inability of the free car- 
bon to unite with the normal oxy- 
ven of the atmosphere. While the en- 


gine is working on the low-gravity fuel 


without the water spray, the exhaust 
vases are noticed to be a heavy black 
from the presence of free carbon. So 
long as the water spray is not used this 
heavy black exhaust will be seen. When 
the water-regulating valve has been 
opened the proper distance, this black 
exhaust disappears and the exhaust 


gases are as clean and colorless as when 


burning a good grade of gasoline In 
fact, the operator knows he has _ his 
water-regulating valve opened the 
proper distance when he has succeeded 
in preventing this black exhaust with- 
out having drowned his fuel with too 


much water. 

I have frequently opened the 
relief valves or the priming 
these engines when they’ were operating 
on these heavier fuels without water and 
When running with water When 
operating without water the flame is of 
a red color and often fringed with black 
The red color of a 
flame is known to be 


starting 


cups on 


also 


hvdrocarbon 
the 
particles of carbon 


smoke. 
caused by pres- 
ence of incandescent 
The 
seen fringing this flame would, of course, 
be due to the 


particles of 


blackness of the smoke or gas often 
nonincandes- 
When 
fuels, 


presence of 
cent free 
water used with these 
the flame shooting from these openings 
would be a blue color, sometimes verging 


light vellow. This 


carbon 


was being 


to a color would de- 
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note the 
absence of 


complete or almost complete 
free carbon in any form. 
the deposit of 


In regard to carbon 


within the cylinders, I would cite the 
following observation: One of our trac- 
tors under my control was run for over 


200 days at heavy field duty, developing 
close to its maximum power continuousls 
At the end of this time 
was weakening and an examination was 
made for carbon deposits. Only a slight 
amount was found deposited in the first 
two piston-ring 


compression 


grooves, and this en- 
gine was worked always on these heav- 
ier gravity fuels. 

These observed facts seem to me to 
prove the following things: 

(1) Burning these fuels without the 
use of water spray produces a consid- 
erable quantity of free carbon which 
does not unite with the normal oxygen 
of the atmosphere under temperature 
conditions as they exist. <A part of this 
is deposited within the cylinder and the 


rest is discharged with the exhaust 
L£ases. 

(2) The use of the water spray results 
in the oxidation of this carbon under 


temperature conditions existing in the 
cylinder. This oxidation complete 
that no serious deposit within the cylin- 


iS SO 
the end of a year's 
engine, and no free 
the eve in the exhaust 


ders was noted at 


constant use of an 
carbon is noted by 
gases. 

At the present time I am not in a posi- 
to authoritatively that 
tion is produced by a chemical 


the water spray after the 


oxida 
action of 


tion state 
manner of my) 
that 
which 


assumption in 
the 


question It 


more 


may be 
that 
formation of 
that the 
means 
chem- 


similar to 
the 
also be 
effect by 
than a 


action is 


takes place in 


Water gas It may 


water produces its 


of a catalytic rather 





607 


ical action. So far as I am familiar with 


the present sum total of the knowledg¢ 
regarding the thermo-chemistry of hy- 
drocarbons, to offer either one of thes: 
actions as an explanation of the method 
of oxidizing this free carbon is but to 
offer an assumed rather than a demon 


strated explanation 


It seems to us that the matter present- 
ed by Mr. King is worth the careful at- 
tention of engineers and investigators in- 
terested in the development of internal- 
combustion engines, as well as of those 
interested in the problem of complete 
combustion of fuel of all sorts. It may 
be said that the combustion of oil fuel 
is so different from the combustion of 
coal that even if it were proved that the 
presence of water in the engine cylinder 
does not promote combustion, the same 
thing would not necessarily be true of 
combustion in a boiler furnace. 

On the other hand, it is well under- 
stood that the gases given off from a 
bituminous coal with a high percentage 
of volatile matter contain as complex 
hydro-carbons as those contained in pe- 
troleum. It is quite within the possibili- 
ties that the presence of water vapor may 
act upon these gases in very much the 


same way that it acts upon the vapor 
produced from petroleum or its distil- 
lates in an engine cylinder. It is well 


te recall that the only thing which can 
burn is a gas, with the exception of 
carbon itself. All hydro-carbons, whether 
solid or liquid, must be reduced to the 
gaseous state before combustion occurs. 








City Waste Studies in Ohio Cities 


An investigation of the collection and 
disposal of all city wastes other than 
sewage in nine cities of Ohio was made 
in 1909 and 1910 in behalf of the State 
Board of Health. The cities studied 
were Cleveland, Cincinnati, Columbus 
and Dayton, four of the largest cities of 
the state, and Canton, Mansfield, Marion, 
Steubenville and Zanesville, among the 
smaller cities. The investigations in- 
cluded field studies, laboratory investiga- 
tions and a iarge amount of time spent 
in digesting the information collected and 
preparing it for publication. 

The report on these studies was trans- 
mitted to the board on July 21, 1911, by 
R. Winthroop Pratt, who was the chief 
engineer of the board. The field and 
laboratory work was done under the di- 
rection of Paul Hansen, acting chief 
engineer of the board in the absence of 
Mr. Pratt. Mr. Hansen having left the 
employ of the board before the report 
was written, the report was prepared by 
W. H. Dittoe, at that time assistant engi- 
neer and now chief engineer of the board. 
Mr. Dittoe conducted the field studies and 
A. H. Flower, as chemist, carried on the 
laboratory studies. In addition, two, and 
part of the time three, engineering assist- 


A voluminous report on the col- 


lection and disposal of garbage, 
dead rubbish, 
stable manure, street and catch 


animals, ashes, 
basin dirt and night soil in four 
large and five smaller cities of 
Ohio was completed in 1911 by 
engineers of the Ohio State Board 
of Health.- 
most general interest are here 


Some of the data of 


given. 





ants were employed. We are indebted 
to Mr. Dittoe for an advance copy of the 
report, which has been used in the prepa- 
ration of this article. 

A fourth of the report is composed of 
a general discussion of the information 
gathered, consisting of text and many 
tables and diagrams. The remainder pre- 
sents data for the aine cities. 

In all nine cities the collection and dis- 
posal of city wastes is under the general 
supervision of the department of public 
service. At Cincinnati. garbage is col- 
lected by contract, and at Canton, Mans- 


field, Marion and Steubenville wastes are 
collected privately, at the expense of the 
householders, but garbage disposal is at 
public expense. 

Covered steel-tank wagon bodies are 
used for garbage collection at Cleveland, 
Columbus, Dayton and Zanesville. The 
Cleveland and Dayton tanks are detached 
from the running gear and shipped to the 
disposal works to be emptied. Two- 
piatform wagons are used in five of the 
cities for the collection and transporta- 
tion of garbage cans. These are charac- 
terized in the report as “somewhat less 
economical than the tank wagons, but 
entirely suited for small cities, where the 
quantities of garbage are not great.” 

For collecting ashes and rubbish, Cin- 
cinnati uses a back-dump wagon, Cleve- 
land a bottom dump of standard make, 
and Dayton a modified slat-board wagon 
None of the other cities studied have an 
organized collection system for ashes and 
rubbish 

All nine have a 
efficient municipal street-cleaning service 
The incomplete character of this service 
in the smaller cities led to confining the 
street - cleaning studies to Cincinnati, 
Cleveland and Columbus 


cities more or less 
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TABLE I. SUMMARY OF ANALYSES OF GARBAGE OF FOUR OHIO CITIES, MADE BY OHIO STATE BOARD OF HEALTH IN 
1909 AND 1910 
Cincinnati Cleveland Columbus Dayton 
10 Samples 28 Samples (b) 31 Samples (¢) 30 Samples (d) 
Sept., 1909—June, 1910 May, 1909—June, 1910 May, 1909—June, 1910 May, 1909—June, 1L9OLO 
Ave Max. Min Ave Max. Min Ave, Max. Min. Ave. Max. Min. 
Percentage Percentage Percentage Percentage 
Moisture see 76 6 79.3 74.5 79.6 78.9 eae 76.4 T9397 73.2 80.6 83.3 78.2 
Re Re ck 3.66 1.80 3.01 3.21 4.02 2.63 3.30 1.61 2.43 2.07 3.39 1.96 
Combustible matter 19.70 20.78 17.67 21.16 23.84 1S .26 20.27 23.12 17.26 16.82 19.01 14.74 
Calorifie value, B.t.u 2000 2215 1771 2057 2264 1SOS 1994 2289 1679 1712. 1917. 1488. 
ether extract... 1.02 5.46 Dow 3.85 1.54 2.89 3.96 5.12 3.08 3.83 1.76 2.98 
Phosphoric acid, P.O, 0.29 0.36 0.17 0.24 0.34 0.18 0.22 0.32 0.09 0.19 0.29 0.15 
Kjeldahl nitrogen 0 64 0.74 0.57 0.64 0.73 0.53 0.59 GO. 72 0.47 0.51 0.60 0.14 
Potash, K,O.. 0 28 0.3 0.21 0.30 0.35 0.25 0.25 0.32 0.18 0.20 0.29 0.13 
ReSULTS CALCULATED TO DRY Basis 
Ash... bi 15.65 20.335 12.71 3.123 15.06 10.90 13.98 17.66 10 56 13.19 16.15 11.50 
Combustible matte: 84.35 87.29 79.66 86.88 89.10 84.94 86.02 SY $2.34 86.81 88.50 $3.85 
Calorific value, B.t.u 8558 9186 8272 $459 8755 7883 S448 8839 S194 S776 S928 S179 
iither extract... iz .15 22.64 14.52 15.85 20.72 12.53 it .74 19.06 14.538 19.77 24.41 16.15 
Phosphorie acid, P.O. 1 26 1.91 0.71 0.99 1.38 0.65 0.95 1.63 0.41 1.00 1.42 0.72 
Kjeldahl nitrogen 2.44 2.92 2.83 2.61 2.84 2.38 2.50 2.93 2.23 2.65 2.96 2.30 
Potash K,0O. 1.18 1.34 0.385 1.23 1.49 1.06 1.08 1.34 0.78 1.03 1.42 0.68 
Notes: (a) Ten regular monthly samples ') Including four duplicate samples and twelve samples collected during two weeks’ sampling, June 15-21, 
1909, and Dec. 13-18, 1909. (c) Including eight duplicate samples and eleven samples collected during two weeks’ sampling, June 1-5, 1909, and 
Nov. 29-Dec. 4, 1909 d) Including seven duplicate samples and eieven samples collected during two weeks’ sampling, July 12-19, 1909, and 
Jan. 10-15, 1910. 
In units of 100,000 sq.ft., Cincinnati are known to be too low, because large reduction at Cincinnati, Cleveland, Co- 


(in 1909) cleaned 126 units by flushers 
and machine sweepers and 195 units by 
hand; Cleveland (in 1909) cleaned 54 
units by flushers, less than one by ma- 
chine sweepers and 319 by hand; Colum- 
bus, 18, 89 and 84, respectively. At 
Cincinnati, the flushing machines are sup- 
plemented by sweeping machines, but this 
is not the case in Cleveland and Colum- 
bus. Where flushing is used, the dirt is 
left in the gutters to drain “for a num- 
ber of hours.” 

The average weight of garbage per 
cubic yard at the four larger cities in 
1909-10 was as follows: Cincinnati, 1227 
lb.; Cleveland, 1333; Columbus, 1173; 
Dayton, 1475 lb. The unit weights were 
greatest in August and September and 
least in the late winter and spring months, 
owing to differences in moisture. 

Table I gives the results of laboratory 
analyses made from samples selected by 
the quartering method. The dry basis 
determinations are considered as better 
than the others for purposes of compari- 
son. Attention is called to the “regularity 
in the average results and the similarity 
of the garbage from each of the cities.” 
Differences may be explained by “im- 
proper sampling or unsuitable sampling 





days.” Phosphoric - acid determinations 
TABLE Tl. AVERAGE COMPOSITION OF 
RUBBISH IN THREE OHIO CITIES, 
MAY, 1909, TO JUNF, 1910 
Cincin- Cleve- Day- 
nati land ton 
Number of loads 26 10 15 
Paper (per cent 10.3 28.9 16 
Rags.... 6.7 7.6 6.2 
Wood... 7.2 123.6 if 
Tins im 15.9 18.6 26.3 
Tron 2.5 3.6 §.1 
Other metal 1.8 : 
Bottles: Weight 6.3 5.7 8.4 
Number 28 38 56 
Broken glass and crocker) li. 34-2 82.7 
Leather 2.4 2.3 3.0 
Garbage: Bones 06 2 0.5 
Other garbage 7.0 a2 2.9 


bones were thrown out, thus losing “up- 
wards of 50‘. of the phosphoric acid.” 

The composition of rubbish and ashes 
was studied with difficulty, because in no 
city in Ohio are these two classes of 
wastes collected separately. The rubbish 
made up only 18.5°7 by weight of the 
total in Cincinnati; 15.9% in Cleveland, 
and 9.3‘, in Dayton. Paper is collected 
separately at Cleveland. 

At Cincinnati, 36 loads of mixed rub- 
bish and ashes weighed an average of 
786 lb.; at Cleveland 18 loads averaged 
834 Ib., and at Dayton 50 leads averaged 
1090 Ib. 

The composition of rubbish alone in 
Cincinnati, Cleveland and Dayton is 
shown by Table II, and of ashes by Table 
III [the latter having been made up by 
us from several tables.—Eb.]. 

The per capita quantities of garbage 
collected in four of the cities in 1908 
and 1909 averaged: Cincinnati, 181 and 
193.4 lb.; Cleveland, 157.4 and 164.5 Ib.; 
Columbus, 159 and 188 lb.; Dayton, 180 
and 211 1b. The relatively low figures for 
Cleveland are attributed to the large per- 
centage of foreign population and the 
activity of private collecting companies. 
The high percentage at Dayton is at least 
partly due to excessive moisture. 

The per capita quantities of ashes and 
rubbish collected in Cincinnati and Cleve- 
land in 1907, 1908 and 1909 and in Day- 
ton in 1909, averaged as follows: Cincin- 
nati, 0.64 cu.yd. or 517 Ib. on basis of 
787 Ib. per cu.yd.; Cleveland, 0.36 cu.yd. 
or 298 Ib. on basis of 834 lb. per cu.yd.; 
Dayton, 0.49 cu.yd. or 532 Ib. on basis of 
1090 Ib. per cu.yd. 

The final disposal of the various classes 
of wastes was effected as follows at the 
nine cities studied in 1910: Garbage by 





TABLE III MECHANICAI 


ANALYSES OF 


HOUSEHOLD ASHES OF THREE OHIO 


CITIES, MAY, 1909, TO JUNF, 1910 
Un Clinkers Fine Combustible Calorifie value 
No. of burned and ma- matter 
analyses coal cinders terial* Moisture Moist Dry Moist Dry 
Cincinnati. . 7 24.4 6.6 69.0 7.8 30.5 bo 3087 3348 
Cleveland t 19.5 15.6 64.9 14.1 22.0 25.6 1815 2113 
Dayton 7 [2.2 66 2 19.3 21.5 26.6 2517 3119 


*As separated by 


lumbus and Dayton, and by incineration 
at Canton, Mansfield, Marion, Steuben- 
ville and Zanesville. Dead animals by re- 
duction at the four cities having garbage- 
reduction plants and also at Canton; by 
incineration or burial elsewhere. Ashes, 
rubbish, street and catch-basin cleanings 
by dumping in all nine cities. Manure 
removed privately by farmers in all the 
cities. Night soil emptied into the sewers 
at Cincinnati, Cleveland and Columbus; 
buried at Canton, Mansfield and Marion; 
incinerated and burned at Marion; buried 
at Steubenville and Zanesville. It should 
be noted that these were the methods in 
use in 1910. From 1906 until into 1910, 
Columbus buried its garbage, night soil 
and dead animals on a 70-acre farm 
bought by it. The material was covered 
with 1 to 2 ft. of earth. The garbage 
was “converted to a stable condition and 
the land was ready to be used again” in 


about 2'% years. Fifteen acres per year 
were used for burial (population § in 
April, 1910, 181,511). Properly done, 


disposal by burial is satisfactory if the 
haul is not so long as to make it too ex- 
pensive. 

The Cieveland and Columbus garbage 
reduction works are owned and operated 
by the cities [see ENG. News, Nov. 17, 
1910, for description of Columbus plant 
and Nov. 30, 1911, for operating results 
of both plants.—Ep.] The Cincinnati and 
Dayton plants are privately owned. In 
1911 a company was building a plant to 
treat the garbage of Toledo, thus bringing 
all Ohio cities of 100,000 population or 
over into the reduction class. 

The general conclusions of the report 
as to the sanitary phases of garbage re- 
duction works are as follows: 


The 
fication 


reduction modi- 
of it will The 
odors produced are objectionable to some 
but are not more so than 
produced by various industries engaged 
in manufacturing similar to 
garbage reduction. Such plants are, how- 


process cr any 


produce »dors. 


those 


persons, 


processes 


ever, considered as legitimate and are 
not subject to the objection which is 
raised against a garbage plant. With 
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proper design and careful operation, re- 


duction plants may be conducted with- 
out producing a serious nuisance. The 
private plants which have been built in 
this country and which are made the 


busis for objection to the process, are as 
built without regard for the pre- 
and generally create a 
The recent 
country is shown in 
and it is there 
reduction pro- 
may the pro- 
duction of When a 
liquid waste is produced and discharged 
stream, the plant may create & 
nuisance. With the proper 
unnecessary to 
waste from 


rule 
vention of odors 


nuisance, most de- 


this 


serlous 
velopment in 
the plant at Columbus, 
demonstrated that the 
be carried on without 
very 


cess 
serious odors. 
nto a 
decided 
however, it is 


de- 
dis- 


the 


sign, 


charge an 


objectionable 


plant. 


In like manner the general conclusions 
regarding the garbage furnaces studied 
may be given: 


All of the garbage crematories in Ohio 
are patented having certain dis- 
tinctive features in design which dif- 
ferentiate them one from the other. They 
re common in respect, however, in 
that the provides for the burn- 
ing of and to this end 
euch type is designed for the use of fuel. 
Under ideal conditions it is likely that 
uny of the furnaces in the state will 
satisfactory results in the destruc- 


types 


one 
design 


garbage alone, 


give 


tion of garbage. The proper operation 
of the plants, however, involves consid- 
erable study and attention on the part 
of the operator, and where this is not 
given, the furnaces do not produce en- 
tirely satisfactory results The princi- 
pal objection to the garbage crematory 
for the small city consists in the nuis- 
ance caused by the production of offep- 


sive odors in the burning process. These 
odors are avoided only under theoretical 
or ideal conditions when a high temper- 
ature is constantly maintained, and the 
failure even for a short period to main- 


tain this temperature will immediately 
result in foul odors being emitted from 
the stack The extent to which these 


odors are objectionable depends upon the 
location of the plant, and if this 
been properly selected at a_ sufficient 
distance from the built-up portion of 
the community, no complaint is likely to 
be made. 

The incineration 
satisfactory sanitary 
and no liquid or putrescible 
is produced. Its limitations 
burning of garbage alone 
the high the 
economic basis it is 


the city of 


has 


entirely 
standpoint, 
solid waste 
for the 
owing to 
and on an 
desirable for 
population than a 


process is 


from a 


are 
cost of process, 
less 


100,000 





TABLE IV. COST OF GARBAGE INCINER- 
ATION IN FOUR OHIO CITIES 


Fuel 
Total Cost Cost Cost 
net per per per 
City Year cost capita ton capita 
Canton 1906 $1508 $0.036 $1.97 80.75 
1907 3671 0.083 4.30 0.83 
1908 2352 0.051 2.50 1.15 
1909 1999 0.042 1.78 0.97 
Marion 1906 1729 0.110 2.66 1.81 
1907 157° 0.096 2.00 1.11 
1908 1809 0.107 2.5% 1.10 
Steubenville. 1908 1651 0.074 1.84 0.47 
1909 1330 0.062 1.11 0.28 
1910 2142 6.096 1.00 0.19 
Zanesville... 1908 1450 0.068 .... 

Soue 306) G.NR? caus 

1910 1676 0.110 2.58 0.63 
Note: Character of refuse destroyed: 
Canton, garbage, 100% 
Marion, garbage, 72%; night soil, 
22.2%: dead animals, 5.4%. 


Steubenville, garbage, 90% : 
use and dead animals, 10% 
Zanesville, garbage, 75% ; mixed refuse, 
Onc 
“0 KK 


mixed ref- 
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suitable reduction Where mixed 
are burned, the relative de- 
the incineration and reduc- 
tion processes is not decided, andin some 


and the othe 


process. 
collections 


sirability of 


cases one 


applicable. 


in some is most 


Table IV shows the average yearly cost 
of garbage incineration at the four cities 
studied. 





Causes of Boiler Explosions* 


By S. F. JETER+ 


The causes of steam-boiler explosions 
are so varied that it will only be pos- 
sible to mention the more prominent ones 
in this paper. Broadly speaking, there 
is one explanation for all boiler ex- 
plosions; namely, the boiler or some part 
of it is too weak to withstand the stress 
brought upon it. However, there are 
many causes contributing to such weak- 
ness. 

The public and many engineers assume 
that most explosions are caused by some 
mysterious influence which cannot be 
foreseen or guarded against; but as an 
actual fact, a definite cause can be given 
for most explosions of considerable vio- 
lence. That a large percentage of boiler 
explosions are from causes that might 
have been foreseen and prevented, is a 
well established fact. 

The cause of boiler explosions which 
I will deal with first, because it is of par- 
ticular interest to the manufacturer, is 
faulty design. Boilers are frequently 
constructed too weak for the pressure to 
be carried. This does not mean that the 
boiler will necessarily explode as soon as 
pressure is raised. Explosions from this 
cause usually occur after years of use, 
the overload on the parts having had time 
to gradually weaken them until they are 
no longer capable of resisting the exces- 
sive stress. . 

Of course, a manufacturer has practi- 
cally no control over the steam pressure 
to be used on a boiler, after he has 
delivered it to the purchaser. However, 
if the manufacturer should stamp his 
name and the safe working pressure for 
which it was designed on each boiler 
built, it would act as a protection to his 
reputation in the event of excessive pres- 
sure being used. Proper inspeciion and 
fixing of pressures by experts is the logi- 
cal remedy for explosions due to this 
cause. 

Lack of properly flaring the tubes and 
nipples in water-tube boilers has fre- 
quently resulted in explosions. The 
Hartford Steam Boiler Inspection & In- 
surance Co. has always advocated proper 
flaring, and sometimes manufacturers 
have taken issue with the company 





presented be- 
Manufacturers’ 
annual meeting in 


*Abstract from a paper 
fore the American Boiler 
Association at the 
March, 1912. 

*+Supervising Inspector, Hartford Steam 
Boiler Tnspection & Insurance Co., Hart- 
ford, Conn. 
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on this point. Experience, which has 
cost the insurance company many thou- 


sands of dollars, has fully demonstrated 


the correctness of its position in this 
matter. The safety of the joint between 
a tube and plate when expanded and 


flared or merely expanded, is not a ques- 
tion of the relative strength of such con 
nections newly made. When 
tion of this kind becomes loose due to 
a movement of the parts from expan- 
sion or vibration, together with the ex- 
cessive weight sometimes sustained, the 
tube or nipple with a flared end is de- 
cidedly more safe than one which is 
merely expanded. The flared nipple 
usually gives warning of its looseness by 
leakage before it pulls out. 

A cause of explosions which is particu- 
larly reprehensible because of its being 
preventable is due to an owner’s willing- 
ness to pit his judgment against more 
competent or conservative advice. Often 
boilers are known to be in need of re- 
pairs, but the work is put off to a more 
convenient season. A feed pump refuses 
to start, and instead of fires being drawn 
as soon as the water reaches the lowest 
safe level, a chance is taken that it can 
be run a little longer. Pressures are 
sometimes carried higher than reasonable 
safety would permit, to avoid the expense 
of larger engines, or better boilers. Boil- 
ers are forced beyond a reasonable duty 
for the heating surface they contain. 

This last is a feature that must be 
reckoned with more in the future than it 
has been in the past. Many engineers 
are apparently trying to discover by ex- 
periment the limit to the rate of trans- 
fer of heat from fire to water through 
the medium of boiler tubes and plate. 
In order to show minimum investments 
necessary and other economies resulting 
from high rates of driving, engineers are 
Prone to advise overloads on both engines 
and boilers, and all seem to overlook the 
all-important question, “Is it safe?” 

Boiler explosions also result from 
neglect or carelessness in operation. 
Scale and deposit are often allowed to 
collect in quantities that are dangerous. 
Connections to water columns are per- 
mitted to become stopped. Oil is permit- 
ted to enter the boiler with the feed 
water. Repairs to settings which may 
affect the safety of the boiler are neg- 
lected. Safety valves are not regularly 
tested to ascertain if they are in operat- 
ing condition. 

Occasionally a boiler owner who dis- 
covers his safety valve leaking, with an 
eye blind to every consideration except 
the prevention of loss of steam, places a 
stop valve on the connection to the 
safety valve or plugs the outlet. A steam 
gage registers incorrectly and the engi- 
neer screws down on the safety valve in 
an endeavor to make the gage show the 
correct pressure. Again, the pressure of 
steam is not sufficient to produce results 
desired with the machinery using it, and 
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the safety valve is deliberately made in- 
operative to overcome the difficulty. All 
of these conditions have been the cause 
of boiler explosions in the past and they 
probably will continue to contribute their 
share in the future until the steam user 
is more thoroughly educated in the mat- 
ter of the risk he runs by such careless- 
ness. 


TUBE FAILURES 


Tube failures, which are chiefly con- 
fined to the water-tube type of boiler, are 
a source of grave concern to the boiler- 
insurance interests on account of the diffi- 
culty of guarding against the usual fail- 
ure of this kind by inspection. A de- 
fective weld usually does not show on the 
surface of the tube, and even where the 
surface indications would lead to 
picion, a large percentage of the tubes in 
water-tube boilers are beyond the reach 
or vision of the inspector. The thorough 
inspection of tubes before they are placed 
in the boiler, while very unsatisfactory 
taken in connection with the mill 
test, is about the only protection possible 
against accidents due to defective tubes. 

The seamless tube, of course, will pre- 
vent accidents due to defective welding, 
but tubes made by this process are not 
always of uniform thickness, and with the 
cold-drawn product there are apparently 
internal strains produced by the process 
of manufacture which sometimes cause 
the tubes to break when merely heated. 
If cold-drawn tubes are used for boiler 
purposes, the annealed stock should be 
obtained. Hot-drawn seamless tubes are 
meeting with considerable favor among 
engineers for boiler purposes. 

A considerable percentage of tube fail- 
ures occur without the slightest evidence 
as to their cause. A welded tube fre- 
quently breaks through the solid metal 
away from the weld, without being cor- 
roded or weakened in any way that may 
be detected by the eye, and without evi- 
dences of overheating. 

It is a fact that while pressures and 
rates of driving have been remarkably in- 
creased during the past 15 or 20 years, 
no increase in the thickness or strength 
of tubes has occurred. That the thicker 
tube is safer seems to have been demon- 
strated by a number of cases where heavy 
tubes have been put in place of those of 
standard gage at the recommendation of 
the Hartford company, and tube troubles 
have ceased. 

Of course it can be contended that the 
theoretical factor of safety is higher on 
tubes even of standard thickness than on 
almost any other portion of the boiler. 
However, under operating conditions ac- 
companying high rates of driving, is it not 
possible that there are decided fluctua- 
tions in the temperature of the material 
in the tubes? The rapid formation of 
steam bubbles removes for a certain in- 
terval of time the water protection from 
the inner surface of a tube, and the thin- 


Sus- 


even 
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ner the material, the higher will its tem- 
perature rise during a given time in which 
it is not protected. It is conceivable that 
the structure of the metal in a thin tube 
may be affected in time by this constant 
change in temperature until it gives out, 
while the thicker tube might not be 
affected to the same degree. 

The importance of the question of tube 
failures to the operator of boilers as well 
as to the insurance interests can be ap- 
preciated when I say, as I believe I can 
conservatively, that the toll of loss of 
life and limb exacted by such failures 
probably exceeds other classes of boiler 
accidents when the relative number of 
fire-tube and water-tube boilers in use is 
considered. 

It is, of course, readily recognized that 
with every precaution which can be taken 
boiler explosions cannot be entirely elimi- 
nated, but their number may be lessened 
naterially. A proper inquiry into all 
accidents of this kind by government offi- 
qualified and clothed with ample 
authority to get at all facts in each case, 
and place the blame, if any, where it 
properly belongs would tend to reduce the 
number of explosions materially. This 
is a feature we might profitably copy 
from our English cousins. 


cials 





The Annual Convention of the 
American Railway En- 
gineering Association 


The 13th annual convention of this 
association was held at the Congress 
Hotel, Chicago, on Mar. 19 to 21, with 
a large attendance and the usual dis- 
play of active interest in the proceedings 
of the meeting. There were five busi- 
ness and the annual banquet 
was an elaborate and well attended enter- 
tainment. 


sessions, 


The officers for 1912 are as 
follows: President, Charles S. Church- 
ill, Chief Engineer, Norfolk & Western 
Ry.; Vice-Presidents, Edwin F. Wendt, 


Assistant Engineer, Pittsburg & Lake 
Erie R.R., and W. B. Storey, Jr., Vice- 
President, Atchison, Topeka & Santa Fe 
Ry.; Treasurer, Geo. H. Bremner, Engi- 
neer of Illinois District, Chicago, Bur- 
lington & Quincy R.R.; Secretary, E. H. 
Fritch, 962 Monadnock Block, Chicago. 


BuSINESS AFFAIRS OF THE ASSOCIATION 


The association has been noted for its 
energetic work, and the President, W. C. 
Cushing (Pennsylvania Lines), in his 
annual address called attention to certain 
conditions which have been brought about 
by this energy. The principle of the 
association is to have certain subjects 
investigated and reported upon by a num- 
ber of standing committees, and so en- 
thusiastic have been these committees 
that the cost of printing the ever increas- 
ing amount of matter presented by them 
has at last begun to trench upon the sur- 
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plus which has been accumulated in pre- 
vious years. 

For the meeting of 1911, the bulletins 
containing the reports and their appendi- 
ces aggregated over 1200 pages, and 
represents a climax in the affairs. Sug- 
gestions were made that not more than 
two subjects should be assigned to each 
committee, but this was not followed, 
although in some cases the number of 
subjects was reduced. The committees 
were notified, however, of the conditions, 
and requested to limit or concentrate their 
activities. 

The result, as shown at the 1912 meet- 
ing, is encouraging. The reports, etc., ag- 
gregate about 450 pages, and there is an 
absence of the reprinted matter which 
has, in some cases, supplemented the re- 
ports to the extent of overloading. On 
the other hand, the interest in the work 
has not slackened, and the character of 
the reports presented is fully up to the 
former standard. In other words, the re- 
duction has been in quantity and not in 
quality. 

Under the financial conditions noted 
above, it has been necessary to introduce 
some economies in the management and 
to seek for increased revenue. One 
means of economy has been to print the 
reports in sufficient number to serve for 
the Proceedings as well as for the ad- 
vance copies. This will necessitate arrang- 
ing the Proceedings with all the reports 
grouped together, and following them by 
the discussions, but this slight inconveni- 
ence is -well warranted by the material 
saving in cost of press work and printing. 
Other economies are effected by reducing 
the number of bulletins issued during the 
year, and by obviating second-class rates 
on the association’s publications. As a 
temporary expedient for increasing reve- 
nue, it is intended to secure additional ad- 
vertisements for the publications, but the 
president stated explicitly that this is 
only an emergency measure. The Board 
of Directors is opposed to the principle 
of deriving revenue in this way, and it 
is hoped that eventually the insertion of 
advertisements can be abandoned en- 
tirely. 

Soine of the investigational work of the 
association is of a specially important 
character, bearing directly upon the econ- 
omy, efficiency and safety of railway 
operation. This is specially true of the 
work of the Committee on Rails, and it 
is worthy of note that to assist in the ex- 
periments and other work in connection 
with the study of the rail problem, the 
American Railway Association contributed 
$6200 in 1910 and $10,000 in 1911; this 
is strong proof of the recognition by the 
railway companies of the value of the 
work of the Railway Engineering Asso- 
ciation. 

Following this statement of the busi- 
ness affairs, the president’s address re- 
viewed some of the notable engineering 
achievements of the past year. In con- 
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clusion he quoted from ENGINEERING 
News (Feb. 17, 1910), ‘“‘The True Char- 
acter of a Complete Engineer,” as set 
forth in a book published in 1645, and 
he expressed the opinion that many engi- 
neers of today measure up to “the com- 
plete engineer” of nearly 300 years ago. 

The report of the secretary (E. H. 
Fritch) showed a total membership of 
1050 for the date of Mar. 15, 1912; this 
net increase of 63 the last 
meeting. Of this number, 899 are in the 
United States, 83 in Canada, 21 in Mex- 
ico and Central and South America, 2 in 
Europe, 5 in Australia, and 20 in Asiatic 
countries. The report of the treasurer 
(Geo. H. Bremner) showed the follow- 
ing: Balance of March, 1911, 513,216; 
receipts, $24,255; expenditures, 529,370; 
balance of March, 1912, $14,329 


is a since 


REPORTS AND DISCUSSIONS 


As noted above, the quantity of ma- 
terial presented was less than in former 
years, but the quality was up to the 
standard. Owing to this reduction in 
quantity and to the fact that some com- 
mittees reported matter for information 
only (and not calling for action), the dis- 
cussions were more limited than usual, 
with the result that only five sessions 
were required to dispose of the business. 
There were brisk discussions of several 
subjects, however, although there 
ne very serious problems submitted, such 
as have brought forth sharp controversial 
discussions at some former meetings. The 
reports being shorter than usual, the sub- 
jects for discussion were fewer in num- 
ber, so that there was more concentration 
of discussion than has been the case a 
some other meetings. As the association 
published in 1911 the latest edition of its 
“Manual of Recommended Practice,” 
there was no discussion as to matter to 
be included in this “Manual,” while at 
the meeting of 1911 a good part of the 
discussions related to this subject. Every 
one of the 19 standing committees and 
the two special committees made a report, 
and all the reports were printed in ad- 
vance of the meeting. We give below a 
brief review of the reports and discus- 
sions, and abstracts of some of these re- 
ports we shall publish separately. 


were 


RAILS 


The committee has continued its re- 
search work, which is under the direction 
of Mr. Wickhorst. This includes two in- 
vestigations as to the relation of size of 
ingot to the quality of the steel in the 
ingot and the rails, and a third to de- 
termine the influence of the temperature 
of rellimg upon the properties of the 
rails) This last indicated that the tem- 
perature had little influence upon the duc- 
tility and deflection in the drop test. and 
that its influence showed most promi- 
nently in the tension test; the reduction 
of area decreased as the temperature of 
rolling increased, and the size of grain 
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increased with the increase in tempera- 
ture. The committee submitted also 
tentative specifications for rails; these 


were read and approved. They include 


provision for a drop test continued to 
destruction, and a minimum permanent 


set after one blow under this test. In the 
chemical requirements the maximum sili- 
con is 0.2% in all cases, and phosphorus 
0.1°7 for bessemer and 0.04% for open- 
hearth steel; the other requirements are 
as foilows: 


tails Carbon Manganese 
Lb. per yd P. ct. P. ct 
Bessemer! TO to S5 0.40 to 0.50 O.SO to L. LO 
Bessemer 85 to 100 0.45 to 0.55 0 SO to 1.10 
O-Hearth 70 to 85S 0.53 to 0.66 0.60 to 0.90 
O-Hearth 85 to L00 0.63 to 0.76 0.60 to 0.90 


An appendix to the report contained a 
review of the history of rail design and 


manufacture prepared for (and by re- 
quest of) the Indiana Railway Com- 
mission. 

The discussion on this report was 


opened by a lengthy statement from Mr. 
Howard (U. S. Bureau of Standards), 
who had been invited to attend. His 
views were somewhat opposed to those 
of the committee in regard to the value 
of the drop test. On the other hand, Mr. 
Fritch (Chicago Great Western Ry.) ad- 
vocated a further development of this 
test, to apply to every ingot. This sug- 
gestion will be considered by the com- 
mittee, although it was pointed out that 
it is hardly practicable at the present 
time, as it would involve too much delay 
and interference with the operation of the 
mills. 


TRACK 


SWITCHES AND FROGS 
feature of this report was its general 
specifications for frogs, crossings and 
switches; these were adopted. The com- 
mittee recommended four lengths of 
switch rails for turnouts of different 
classes, as follows: 33 ft. for turnouts 
in which the divergent route is operated 
at high speed and for frogs over No. 14; 
22 ft. for main-line turnouts and cross- 
overs in which the divergent route is 
operated at low speed, and for frogs of 
No. 10 to No. 14; 16'% ft. for yards, and 
where frogs of Nos. 6 to 10 are used; 
11 ft. for turnouts requiring frogs of 
large angle (No. 6 and under). 

The committee recommended also the 
adoption of frogs Nos. 8, 11 and 16 as 
meeting all requirements for yards, main- 
track switches and junctions; and advo- 
cated the gradual elimination of frogs of 
other numbers. It was noted that the 
tables of track details published in ENc!- 
NEERING NEws in 1908 show that 55% 
of the roads used No. 10 frogs and only 
5% used No. 16, but the latter included 
some very important roads. No. 7 frogs 
are rapidly disappearing, being replaced 
by No. 8; and No. 10 frogs are giving 


The principal 


place to those of higher numbers. 
After some discussion the recommenda- 
to switch 


tions both as rails and frogs 
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were adopted. Mr. Bremner (C., B. & 
Q. Ry.) referred to the use by German 
railways of very long switch rails which 
are curved, are of special section, and 
have a fixed heel. He thought the tend- 
ency in this country is to increase the 
length, and that if the German design 
could be adapted to American practice 
(and used with switch rails of hard steel) 
it would be an important improvement 
worth introducing. As to the frogs, the 
discussion turned largely on the question 
whether the numbers advocated are the 
best, but it was shown that the main 
point is to replace the present great 
variety of frogs with three designs (or 
frog numbers) which will meet the re- 
quirements for the three classes of turn- 
outs mentioned in the report. 


TIES 


SIZE OF TiES-——An investigation of fig- 
ures presented in 1906 showed that for 
139,000 miles of track 47.3% had ties 
6x8 in. x 8 ft.; 10.30 had 7x9 in. x 8 
ft.; and 10° had 7x8 in. x 8 ft. Also that 
42.7% had 16 ties per 30-ft. rail, 18.7% 
had 18 ties, and 13.8 had 17 ties. The 
inquiry made in 1911 indicates an_ in- 
crease in number, since out of 40 rail- 
50° recommend that 40 to 45% 
length of rails should be supported on 
while 10°° recommended 30 to 40° 
There is great inconsistency of opinion as 


ways, 
ties, 


to size, but there is a sentiment in favor 
of a larger size and the committee favors 
the recommendation of the late A. M. 
Wellington for a tie 7 in. thick, 7 to 9 in. 
wide and 8 ft. long. It is not prac- 
ticable to lay down any fixed rule as to 
size or spacing, but as to the latter, for 
main lines it is good practice to space 
ties 10 to 12 in. between faces; the width 
is not so important if this spacing is fol- 
lowed, but the minimum of width should 
be 7 in. 

This portion of the report was referred 
back to the committee, on the ground that 
the subject should be studied from the 
theoretical point of view instead of bas- 
ing the recommendations on a review of 
individual practice. The president (Mr. 
Cushing) explained that the Board of Di- 
rection had intended the committee to un- 
dertake such study (as has been done 
already in Europe), but that the com- 
mittee evidently misunderstood its in- 
structions. 

TIE RENEWALS—As to the practice of 
renewing ties in continuous stretches or 
by single ties, the returns show a prac- 
tically unanimous opinion in favor of the 
latter, and this is recommended by the 
cemmittee. This has reference only to 
untreated ties, however, no mention being 
made of treated ties, which should have 
a more uniform life. 

Mr. McDonald (N., C. & St. L. Ry.) 
took issue with the committee; he thought 
the present system of renewal (by single 
ties) is largely a matter of habit and cus- 


tom. The continuous system could be 
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substituted with advantage, with a Sav- 
ing in ties and.in maintenance work. This 
system has been used as an experiment 
on his road (with untreated oak ties), 
with Satisfactory results. Mr. Meade (A., 
T. & S. F. Ry.) said he had used the con- 
tinuous-renewal system with creosoted 
pine ties, and with good results. 

METAL AND CONCRETE Ties—The re- 
port presents information supplementing 
earlier reports as to experience on dif- 
ferent roads in this country, but there is 
little of importance. With the excep- 
tion of the Buhrer (or Carnegie) H-beam 
steel tie (which is used extensively for 
both open track and switches), the ties 
are experimental and used to a limited 
extent only. Some roads have removed 
these Buhrer ties on account of troubles 
with insulation. The fastenings also are 
not generally satisfactory. The commit- 
presents the following conclusions, 
the first of which was adopted: 

“1. The concrete tie, combination con- 
and metal tie, or combination 
asphalt and metal tie has not proved a 
success; due to, A, fracture caused by 
vibration; B, excessive weight and conse- 
quent difficulty in handling; C, deteriora- 
tion of asphalt filling. 2. A combination 
tie of steel and wood gives promise of 
developing an economic substitute for 
wood. 3. The steel tie has proved a 
satisfactory substitute under heavy me- 
dium-speed traffic; it is durable, line and 
surface can be maintained,.it has suffici- 
ent resilience and can be insulated. The 
fastenings can and no doubt will be im- 
proved.” 


rce 


crete 
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GROUPING OF TIMBERS—This committee 
recommended that ties should be grouped 
for treatment: (1) Those of the two gen- 
eral species of hardwoods and pines 
should be grouped separately; (2) heart- 
wood and sapwood pine ties should be 
kept separate; (3) green and seasoned 
ties should be kept separate, and (4) 
ties of approximately the same period of 
seasoning should be put together for 
treatment. These recommendations were 
adopted. 

SPECIFICATIONS FOR CREOSOTE OIL— 
The revised standard specifications pro- 
vide that the oil shall be “the best ob- 
tainable grade of coal-tar creosote; a 
pure product obtained from coal-gas tar 
or coke-oven tar, and free from any tar 
(including coal-gas tar or coke-oven tar), 
oil or residue obtained from petroleum 
or any other source.” At 38° C., it must 
be liquid and of at least 1.03 specific 
gravity; it must give no distillate below 
200° C., not over 5% below 210°, not 
over 25% below 235°. and the residue 
above 355° C. (if over 5% in quantity) 
must be soft. The oil must not contain 
over 37 water. Specifications were sub- 
mitted also for oil of lower grades; these 
are the same as above, except that the 
distillate below 210° and 235° may be 
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8 and 35’. for No. 2 oil and 10 and 40% 
for No. 3 oil, while the specific gravity 
for the No. 3 is 1.025. 


SIGNS, FENCES AND CROSSINGS 


FENCING—The main work of the com- 
mittee has been in regard to wire fencing. 
It finds that of 44 railways (61,000 
miles), 28 use woven wire exclusively, 6 
use barb wire exclusively, 2 use ribbon 
wire exclusively, and 5 use both barb and 
woven wire. As to corrosion, wire gal- 
vanized after weaving has proved most 
durable and efficient, but at present only 
certain forms of weaving appear to be 
adapted to this process. As to fence 
posts, the prevailing costs are 12 to 15c. 
for wood and 18 to 22c. for concrete, 
while the costs range as high as 40c. in 
both cases; the difference in cost, there- 
fore, is not so great as to be prohibitive 
of concrete. Metal posts costing 23c. are 
claimed by the maker to have a life of 
30 years. 

STREET CrossiINGs—In the usual con- 
struction a rail (laid on its side) or a 
plank is laid against the track rail to 
form the flangeway, and the space be- 
tween these is filled with planks or brick 
paving. In several cases a 141-lb. girder 
rail is employed. Three roads are con- 
sidering a special form of rolled flange- 
way filler with extension beyond the rail 
head (similar to street-railway construc- 
tion), and arrangements are being made 
to place a trial order with a steel 
company. 

The committee is investigating the mat- 
ter of securing uniform designs for sub- 
stantial and economic signs for railway 
purposes, and the chairman, Mr. Stein 
(C. R.R. of N. J.) emphasized this as an 
important matter. The report was ac- 
cepted as information and without discus- 
sion. 


ROADWAY 


This was another report submitted as 
information and accepted without discus- 
sion. It dealt with two subjects: 

ROADBED PRESSURES—Some general in- 
formation was presented in regard to unit 
pressures allowable on roadbed materials, 
and the report advocated the appointment 
of a special committee (with appropria- 
tion) representing the roadway, ballast 
and track committees. Its special pur- 
pose would be (1) to make experiments 
to determine the magnitude and distribu- 
tion of the load transmitted to the road- 
bed through ballast of different kinds. 
and (2) to determine by test the bearing 
power of various materials under varying 
conditions ordinarily found in the con- 
struction of the roadway. 

TUNNEL VENTILATION — The report 
stated that artificial ventilation is usually 
unnecessary in this country, and that 
when necessary the most efficient method 
probably is to force air in at one end by 
fans powerful enough to drive the smoke 
ahead of the train. A table gave par- 








Vol. 67, No, 13 


ticulars of nine tunnels ventilated by this 
method according to plans of C. S. 
Churchill and C. C. Wentworth. 

There was some discussion as to 
whether it was advisable to have specifi- 
cations for these lower grades of oil. On 
one hand, it was argued that to do so 
would impair the standard specifications. 
On the other hand, it was pointed out 
that the treatment with oil is only a 
means to an end, and as some treated ties 
would fail by wear before they are 
atfected by decay it would be false econ- 
omy to require the more expensive treat- 
ment with the high-grade oil. This latter 
view prevailed and the specifications 
were adopted. 


BALLAST 


The report included the following (1) 
a review of the use of gravel ballast, with 
a table of the proportions of various 
gravels on different railways, and de- 
scription of a ballast-washing plant; (2) 
tests of stone for ballast, with a table of 
the results of government tests of stone 
used for ballast on various roads; (3) the 
depth of ballast. As to this last matter 
the following conclusions was presented 
and adopted: 

“With ties 7 in. x 9in. x 8% ft., spaced 
24 to 25.5 in. centers, (1) a depth of 24 
in. of stone ballast is necessary to pro- 
duce uniform pressure on the subgrade, 
and (2) a combination of a lower layer 
of cinder ballast (18 to 14 in.) and an 
upper layer of stone ballast (6 to 10 in.) 
aggregating 24 in, deep, will produce 
nearly the same results.” 

The report recommended that the 
physical tests already adopted for stone 
for ballast should be supplemented by 
the compression test used by the Road 
Bureau of the U. S. Department of Agri- 
culture to determine the suitability of 
stone for road construction. This was 
adopted, but Mr. Churchill (N. & W. Ry.) 
instanced a simpler chisel test used on his 
road for the same purpose. 


YARDS AND TERMINALS 


This report was brief, and dealt mainly 
with a typical plan for a division engine 
terminal, with ashpit and roundhouse, and 
facilities for supplying coal, water and 
sand. There was also a list of published 
articles on the mechanical handling of 
freight and baggage. The report was 
adopted practically without discussion. 


SIGNALS AND INTERLOCKING 


The committee submitted some minor 
changes in specifications for insulation, 
and these were adopted. On the subject 
of a comprehensive and uniform signal 
system there is again in this committee 
the division of opinion between those who 
favor a large and a small number of indi- 
cations to be given to the enginemen by 
means of the signals. It needs to be fully 
recognized tl.at signaling is only a means 
to an end, and this end or purpose is to 
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insure safety and efficiency in the opera- 
tion of trains. From this point of view it 
seems that the minority report has the 
stronger argument when it argues in 
favor of the smaller number of indica- 
tions. 

The minority report presents five indi- 
cations, of which the two last are supple- 
mental: 1, stop; 2, proceed with caution; 
3, proceed; 4, proceed at low speed; 5, 
proceed at medium speed. The majority 
report presents such additional indica- 
tions as “proceed, prepare to stop at next 
signal,” or “proceed, prepare to pass next 
signal at medium speed.” These are ob- 
jected to by the minority on the principle 
that each signal should give its own indi- 
cation only, and not one in relation to the 
next signal ahead; also that even high- 
speed service does not necessitate such 
addjtional indications. 

However, there was no discussion, as 
the report was submitted only as informa- 
tion. This was due to the fact that at the 
meeting of the Railway Signal Associa- 
tion, on Mar. 18, a similar report was pre- 
sented and rejected. The disposition of 
the subject therefore remains in abey- 
ance. 

WATER SERVICE 

CONCRETE TANKS AND SUPPORTS—The 
and disadvantages of rein- 
forced-concrete tanks (and towers) and 
standpipes are outlined and discussed, 
and on the whole the committee sees no 
reason why railways engaged in per- 
manent reconstructions for fixed water 
supplies should not consider favorably a 
beginning in the use of reinforced-con- 
crete tanks. Specifications were submit- 
ted (as information only) for concrete 
standpipes, witli general plans for both 
standpipes and elevated tanks. Revised 
specifications for steel tanks were sub- 
mitted also, and were adopted. 

TREATED WATER AND BOILER CORROSION 
—The report presents a paper prepared 
for the committee by J. F. Francis de- 
scribing a serious case of pitting and cor- 
rosion in a locomotive boiler using water 
treated by a softening process. The trou- 
ble arose from the use of hard (un- 
treated) water at stations where no soft- 
ening plant was installed, but until this 
was determined it led to the softening 
process being regarded with some sus- 
picion. The remedy was to maintain the 
water in the boiler slightly caustic and to 
control the causticity by continuous 
chemical examination of samples drawn 
from the boiler. 


advantages 


MASONRY 


SPECIFICATIONS FOR CEMENT This 
committee was represented in the general 
conference held by a government board 
appointed to prepare a standard specifica- 
tion for portland cement for the use of all 
government departments and its report 
reviews the proceedings of the confer- 
ence. The p-incipal differences of opin- 
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ion were: (1) the use of the Vicat needle 
or the Gilmore needle in determining time 
of set, and (2) the Vicat needle or the 
ball test for determining normal consist- 
ency. The government board adopted the 
Gilmore needle and the ball test. 
CONCRETE—Three subjects relative to 
concrete work were investigated, and as 
to each of these the report presents a 
mass of information as to individual prac- 
tice and experience, accompanied by gen- 
eral conclusions as to the second and 
third subjects. Some part of this matter 
we shall publish later. The three sub- 
jects are as follows: (1) waterproofing, 
(2) patching and repairing, (3) deposit- 
ing under water. As to the third subject, 
a concrete mixture of 1:2:4 was recom- 
mended, and also the use of che tremie or 
the drop-bottom bucket. As the conclu- 
sions seemed to apply only to work done 
within cofferdams, Mr. Tratman (ENGI- 
NEERING NEWS) suggested a modification 
by which they will apply to work done in 
open water (as in pier and harbor work). 
All the conclusions were adopted. 


IRON AND STEEL STRUCTURES 


This committee submitted specifications 
for the erection of steel railway bridges, 
and these were adopted after somewhat 
extended discussion. The committee sub- 
mitted also a progress report on the tests 


of secondary stresses which are being 
made on a number of bridges. The latter 
matter we shall deal with in another 


issue. 
WooDEN BRIDGES AND TRESTLES 


The report was submitted as informa- 
tion only, and was adopted without dis- 


cussion. It included reference to differ- 
ent subjects. 
PILING—-A proposed experimental in- 


vestigation of sheet piling had not been 
carried out, but the plan as outlined is 
to use a concrete box divided by a verti- 
cal spring-steel diaphragm (secured at 
top and bottom). The box will be filled 
with sand and one side then excavated, 
so that the diaphragm will represent the 
sheeted side of a trench in sand, and the 
curvature of the plate will be noted. The 
pressure required to give this deflection 
would then be determined. As to pile- 
driving formulas, it seems that few roads 
keep records of pile driving. But there 
are so many modifying conditions that 
formulas must be empirical, and as these 
conditions can best be noted from actual 
experience, it is very desirable that 
records should be kept of the behavior 
of piles during driving and after loading. 
Such record is specially valuable in the 
case of test piles loaded to failure. 
BRIDGE FLOoRS—When fire protection 
is provided, this is generally by (1) a full 
ballasted deck, (2) a thin covering of 
ballast, etc., on the floor, or (3) a sheet- 
metal covering. An inquiry had been 


made as to inside guard rails: these are 
of two classes: A, two rails, with their 
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ends brought together at the middle otf 
the track (beyond the bridge); B, three 
rails straight throughout their length, 
with their ends bent vertically so as to 
be below the base of the track rails. 


BUILDINGS 


The report consisted mainly of informa- 
tion in regard to various roof coverings 
(supplementing the report of 1911), and 
several drawings showing (1) different 
flashing used for roofs and 
and (2) methods of laying asbes- 
tos shingles. It was accepted as informa 
tion, without discussion. 


styles of 
walls, 


GRADING OF LUMBER 


The committee submitted definitions of 
defects and rules for the grading of lum- 
ber, which represent specifications for 
maintenance-of-way lumber, as it can be 
purchased in the market at the present 
time. Similar matter was presented at 
the last meeting (1911) but was not then 
adopted. The report was adopted without 
discussion. 


ELECTRICITY 


The committee submitted a diagram of 
clearance lines for railways using third- 
rail conductors. These were adopted, as 
was a recommendation that the third-rail 
gage should be measured from the gage 
side of the running rail to the gage side 
of the third rail instead of to the center 
of the latter. This part of the report was 
supplemented by over 30 diagrams show- 
ing the clearance lines of different rail- 
ways. 

In addition to this, the committee sub- 
mitted specifications for electric-light and 
power lines crossing above railway tracks 
and wires. They are practically identical 
with those adopted by a joint commis- 
sion of electrical associations, and were 
adopted. They provide, however, for 
voltages only up to 70,000, but it was 
shown in the discussion that some rail- 
ways are crossed by lines carrying 100.- 
000 and 110,000 volts. 


RULES AND ORGANIZATION 


This committee submitted additional in- 
structions to employees of the main- 
tenance-of-way department in regard to 
such track work as ballasting, tie re- 
newals and rail renewals. These supple- 
ment general rules previously adopted. 
The rules were adopted, after being dis- 
cussed at some length, and several modi- 
fications for the improvement of wording 
and style were suggested by Mr. Tratman 
(ENGINEERING NEws). Mr. Baldwin (III. 
Cen. R.R.) objected to the rule for 
straightening rails kinked in service; he 
thought such rails should be considered 
as second class, but the rule was adopted. 
A rule requiring ties to be laid heart side 
down was changed to read that they 
should be laid to obtain the best bearing, 


























RECORDS AND ACCOUNTS 

RAILWAY STOREKEEPING—The commit- 
tee had been instructed to study the eco- 
nomical management of a storehouse so 
as tO assure a minimum stock of ma- 
terials. It studied the question from the 
railway point of view rather than the 
narrower storekeeping point of view, 
recognizing that this is only one feature 
of railway service. This report 
adopted without discussion and presented 
the conclusion that the object of a store- 
house is to provide materials and tools 
when required,so that the cost of work may 
be a minimum, bearing in mind the factors 
of delay to work or labor and of interest 
on investment in stock. Matters for con- 
sideration are standardization, organiza- 
tion, distribution, classification and stock 
accounts. As to the economic side of the 
question of minimum stock, the report 
states as follows: 

“Assuming that it is possible to reduce 
the stock on hand 50%, the saving per 
annum would be only 1.1% of the amount 
paid annually in wages to the employees 
(to whom the stock is supplied), so that 
even a slight loss in their efficiency 
through failure to secure materials and 
tcols as required, will soon absorb much 
more than the amount saved by reduced 
investment in stock. Therefore, the most 
important function of a storehouse is the 
prompt delivery of materials and tools so 
that delays to labor resulting from their 
lack may be reduced to a minimum.” 


was 


UNIFORM GENERAL CONTRACT FORMS 


This committee submitted a general 
form for construction contracts, including 
the agreement. The latter is a double- 
leaf sheet or folder, having the intro- 
ductory statement on one page and the 
space for signatures on the other. This 
alone may be used for small or unim- 
portant contracts, but for larger work the 
contract form may be inclosed, still leav- 
ing the agreement at the beginning and 
the signatures at the end. Specifications 
also may be either inclosed or attached. 
The form is not complete, but the clauses 
submitted were discussed and approved. 


ECONOMICS OF RAILWAY LOCATION 


A brief progress report outlined the 
work of the committee in analyzing rail- 


way operating costs. It was accepted 
without discussion. 
CONSERVATION OF NATURAL RESOURCES 


The committee’s report deals with tree 
planting and general reforestation as re- 
lated to the railways of the country. At- 
tention is drawn to the enormous con- 
sumption and waste and the loss by fire, 
and it is shown that experience abroad 
proves that damage by forest fires is pre- 
ventable. The consumption of timber in 
this country (not including fire losses) is 
230 cu.ft. per capita, as against 37 cu.ft. 
in Germany and 25 cu.ft. in France. Ap- 
pended to the report were abstracts of 
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numerous published 
the resources of coal 


articles relating to 
and fuel oil. 


EXHIBITS OF RAILWAY APPLIANCES 


The annual exhibition of railway ma- 
terial and supplies, held in connection 
with the convention of this association, 
railway engineering and mainte- 
nance-of-way what the exhibition at the 
annual meetings of the Master Mechanics 
and Master Car Builders’ Associations 
are to railway motive power and equip- 
ment. It was larger than usual this year, 
and was so much in excess of the large 
capacity of the Coliseum that it was 
necessary to engage also the First Regi- 
ment Armory, which is an adjacent build- 
ing, so that communication could be pro- 
vided between the two buildings. Even 
then, several applications for space had 
to be rejected. Many of the exhibits 
were standard materials or modifications 
thereof, but there were novelties and new 
ideas in plenty. As the Railway Signal 
Association held a meeting during the 
same week, and as this works in close 
relation to the Railway Engineering Asso- 
ciation, the sagnal-manufacturing com- 
panies had extensive exhibits, including 
equipment for electric railways as well as 
for steam railways. The exhibition is 
managed by the Railway Appliances 
Association; President, A. P. Van Schaick 
(Lackawanna Steel Co.). 

Independent of this special and tem- 
porary exhibition there was the new ‘“‘Per- 
manent Manufacturers Exhibit of Rail- 
way Supplies and Equipment,” which was 
opened during the week of the conven- 
tion. This is located on two floors of the 
large Karpen Building, 900 S. Michigan 
Ave., and is intended for the convenience 
of. manufacturers of railway material and 
supplies in showing their material to pur- 
chasers and railway officers. This per- 
manent exhibition has been noted before 
in our columns. 


is to 


A Machine for Cutting 
Granite Cubes for 
Paving 


Many miles of pavement surfaced with 
granite cubes are in use in Europe, nota- 
bly in Germany, Hungary, Austria and 
England. The cubical blocks, under the 
name of kleinpflaster in Germany and 
‘‘Durax” armoring in England, are used 
sometimes as a surface for old macadam 
roads and sometimes for new pavement. 
In the latter case, the stone cubes are 
bedded in a thin layer of sand over a 


concrete foundation 6 in. or more in 
thickness. The cubes range from 2' to 
4 in., the ordinary size being from 3 
to 4 in. 

They are placed in concentric rings 
in the plane of the pavement or in 
diagonal rows. After the stones are in 
position, they are rammed until firmly 
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bedded on the foundation, when there 
should be not more than about '4 in. of 
sand under the shallowest stone. Before 


and during this process the road surface 
is freely watered and the spaces between 
the blocks is well filled with sharp river 
sand. When complete the whole surface 
is covered with sand to a depth of 34 in., 
which is expected to gradually work into 
the joints. It is claimed that this gives 
a pavement which the scouring 
action of water and is sufficiently elastic. 
Another method of laying the ‘Durax” 
armoring in England is to set the granite 
cubes in a foundation of bituminous con- 
crete, grouting the joints with a similar 
material. 

In some respects this gives an ideal 
pavement. The stone blocks are light in 
weight and easy to handle, and yet are 
thick enough to give an adequate wearing 
surface. Due to the comparatively small 
depth of the blocks the pitch used for 
grouting can penetrate through the sur- 
face of the pavement and into the sand 
below. Another advantage which the 
small cubical blocks have over large 
granite blocks is that there is less tend- 
ency to tip or rock; and since they can be 
laid with much closer joints, there is less 
tendency to wear down along the edges. 

It is essential, however, that the cubes 
be cut with considerable accuracy in 
order that the pavement may be laid with 
a smooth surface and with close joints. 
The width of joints must be kept down to 
'4 in. to obtain the best results in wear 
and smoothness. If the stones are cut by 
hand the pavement is very expensive. 
For this reason, there has been some ex- 
perimenting with artificial stone and with 
concrete. An article describing experi- 
ence with experimental roads paved with 
concrete cubes in New York State was 
published in ENGINEERING News, Feb. 2, 
1ISt py 128. 

A machine for cutting the granite cubes 
has been developed in Europe, which it 
is claimed gives very satisfactory results 
both in cost of production and in the 
quality of the product. A photograph of 
one of these machines is shown in the 
accompanying illustration. It is essenti- 
ally a belt-driven drop-hammer. A stone- 
cutting chisel is mounted on the anvil of 


resists 


NUMBER OF GRANITE BLOCKS PRO 
DUCED IN ONE 10-HOUR DAY BY 16 
STONE CUTTING MACHINES 

Small Cubes 

Machine Large 2} to ; Special 
number — blocks 3f-in. 4to44-in. sizes 
1 129 270 100 125 

2 207 275 325 136 

3 15! 113 500 190 

i 1S6 500 125 150 

5 18 682 118 100 

6 76 230 250 250 

7 75 200 200 159 

8 200 600 500 180 

9 279 150 100 

10 115 360 500 130 

11 154 560 276 200 

12 100 144 305 1O5 

13 70 180 55 52 

14 63 208 223 61 

15 149 100 170 73 

16 126 150 525 183 

16 2098 6222 1772 2194 
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the hammer and 
shaped somewhat 


the hammer-head is 
like that of a stone 
cutter’s sledge. The chisel is mounted on 
the anvil in such a way that it can be 
conveniently removed for resharpening, 
necessary about two or three 
times a day. The hammer-head has to be 
tcuched up once every week or fortnight. 
The power required for each machine is 


which is 


about | hp. 
The stone supplied to the hammer 
should not exceed 12 to 13 in. in its 


smallest dimension and should not be too 
large for one man to handle easily. It is 
found best to have the stone cut in fairly 
regular rectangular blocks before bring- 
ing them to the machine. The operator 
lifts one of these blocks upon the chisel 
and strikes it a few light blows by partly 
1aising the hammer in order to mark the 
block along the desired line of cleavage. 
He then raises the hammer to its full 
height and strikes the block a heavy 
blow to split it. It is claimed that one 
heavy blow is usually sufficient. It is 
most economical to make several different 
sizes of block at the same time so as to 
cut the stone with the least waste. The 
operator can then begin by splitting the 
stone along the line of its best cleavage 
and take advantage of the natural charac- 
teristics of each block. The mixed blocks 
are subsequently sorted by hand. 

It is claimed that an intelligent laborer 
can soon learn to operate the machine so 
as to give an output of from five to seven 
tons per day of 10 hours. Much de- 
pends, however, upon the kind of stone, 
the care taken in shaping the blocks to 
rectangular form before sending them to 
the machine and on the skill of the opera- 
tor. The accompanying table gives a 
record of the output of a battery of 16 of 
these machines during one 10-hour day. 

About 400 machines of this type are in 
successful use in Europe, we are in- 
formed, and one concern in Sweden has 
62 of them in use turning out about 700,- 
000 sq.yd. of pavement per year. The 
agent for these machines in the United 
States is A. E. Sylven, 29 Broadway, New 
York City, to whom we are indebted for 
the foregoing description of the machine. 








Investigations on Rail Ingots* 


S1zE oF INGoTs—-A report by Mr. Wick- 
horst covers an investigation made at the 
South Works of the Illinois Steel Co., to 
throw light on the relationship of the size 
of ingots of bessemer rail steel to the 
segregation of the metalloids, locations 
of pipes and blow holes, and the proper- 
ties of the rails. This investigation 
showed that under the conditions of the 


*From the report of the Committee on 


Rails, presented at the annual meeting 
of the American tailway Engineering 
Association, at Chicago, Mar. 19-21 Mr. 
Wickhorst is engineer of tests for the 


committee. 
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tests, the carbon, phosphorus and sulphur 
collected or segregated toward the in- 
terior and upper part of the ingot and 
that, in a general way, such segregation 
increased as the size of the ingot in- 


creased. The manganese also. segre- 


gated, but to a much smaller extent, while 
the silicon showed little or no tendency 
to segregate. 

The elements which segregated as de- 
scribed also showed a lowering in the top 





Drop HAMMER FOR CuTTING GRANITE 


CUBES FOR PAVING 


part of the ingot, below the average com- 
position of the steel, and this lowering 
extended downward along the sides of 
the ingot. The “negative” segregation in- 
creased in general as the size of the ingot 
increased and also extended down fur- 
ther along the sides of the ingot. There 
was also a region of negative segregation 
in the interior and lower part of the ingot, 
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but the lowering of the elements was not 
as great in this region. 

This investigation 
the material 


indicated that 
distributed in the rail 
bar about the same, relatively, as it was 
in the ingot from which the rail bar had 
been rolled. 

TESTS OF INGoTS—The in- 
vestigation at the Watertown Arsenal of 
rail-steel ingots and derivative shapes (as 
embodied in the Report of Tests of 
Metals, etc., made at the arsenal for the 
year 1909) indicated that the interior 
cavities of an ingot cooled directly after 
pouring are about the same or slightly 
less than in a similar ingot placed in the 
soaking pit and then cooled. This same 
result was also indicated as true of 
blooms subsequently made from such in 
gots. 


also 
Was 


RAIL-STEEI 


It was shown that almost the full ten- 
sile strength and ductility of the metal 
of the lower part of the ingot were ob- 
tained rolling to about 10° of the origi- 
nal cross-section, but with the metal of 
the upper part of the ingot it was neces- 
sary to reduce the cross-section to 4% or 
less of the original amount. 

A great many etchings were made. and 
it was shown that the structure of the 
cross-section as developed by etching 
varies from the top to the bottom of the 
ingot and that each structure finds its 
counterpart in succeeding shapes and at 
about the same proportionate distance 
from the top end. It was also shown that 
the structure was considerably altered by 
changing the position in which the ingot 
was allowed to cool, as for instance 
allowing it to cool on its side after strip- 
ping. 

INFLUENCE OF ROLLING TEMPERATURE 
—tThis report by Mr. Wickhorst covers an 
investigation made at the works of the 
Carnegie Steel Co. to determine the in- 
fluence of the temperature of rolling on 
the properties of bessemer rails. This 
work indicated that the ductility and de- 
flection in the drop test were influenced 
little, if at all, by the rolling temperature. 
The number of blows that it took to break 
the rails in the drop test was uninfluenced 
by the temperature of rolling. The yield 
point and the tensile strength in the ten- 
sion influenced little, if any. 
The elongation in the tension de- 
creased some as the temperature in- 
creased. The influence of temperature 
showed most prominently in the tension 
test, in the reduction of area, which de- 
creased as the temperature of rolling in- 
creased. The size of the grain, as shown 
by the microscope, increased as the tem- 
perature increased. 

The ductility in the drop test with the 
head of the rail in tension more nearly 
indicates the ductility of the interior 
metal as measured in the tension test, 
than does the ductility in the drop test 
with the base of the rail in 
which arrangement is usual in inspection 
work. 


tests were 


test 


tension, 
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Henry Wilson Spangler* 


Prof. H. W. Spangler, Whitney Profes- 
sor of Dynamical Engineering at the Uni- 
versity of Pennsylvania, died at his home 
in Philadelphia, Penn., on Mar. 17, 1912, 
from heart disease, after a serious illness 
of several months. The first attack of 
this ailment befell him in the late sum- 
mer of 1909, while alone, with the sole 
companionship of a guide, in the wilds 
of Maine. Upon partial recovery, he re- 
sumed his duties at the University, with 
characteristic determination, and against 
the protests of his friends, until the prog- 
ress of his disease compelled him, three 
of four months ago, to relinquish all ac- 
tive duties. 

Henry Wilson Spangler, son of John 
Kerr and Margaret Ann (Wilson) Spang- 
ler, was born at Carlisle, Penn., on Jan. 
18, 1858. He was graduated with high 
rank at the United States Naval Academy, 
as Cadet Engineer, with the class of 1878. 
Two other members of that class have 
attained to prominent positions in the field 
of engineering education, namely, Prof. 
Ira N. Hollis, head of the Engineering 
Department at Harvard University, and 
Prof. M. E. Cooley, Dean of the Depart- 
ment of Engineering at the University of 
Michigan. 

Prof. Spangler was Assistant Engineer 
in the United States Navy from 1878 to 
1889, although for about half that period 
he was connected, on detached service, 
with the faculty of the University of 
Pennsylvania, first as Assistant Professor 
of Mechanical Engineering from 1881 to 
1884, and from 1887 to 1889, and then as 
full professor, holding the Whitney Pro- 
fessorship of Dynamical Engineering. 
During the Spanish-American War in 
1898, he served for a brief period as 
Chief Engineer in the United States 
Navy. 

With the exception of that short inter- 
val, he was in the service of the Uni- 
versity as the head of the Mechanical and 
Electrical Engineering Department con- 
tinuously from 1887 till his death. The 
high standard of excellence to which this 
department has attained is due largely 
to his remarkable talents as a teacher, 
and his pronounced ability as an execu- 
tive officer. 

When he assumed his duties at the 
University the Department of Mechanical 
Engineering was housed in a single room 
on the third floor of College Hall, its 
equipment consisting only of a wooden 
model of a locomotive valve gear, and a 
Crosby indicator. A small laboratory, in 
which the principal features were a 5-hp. 
vertical boiler, and a 4x4-in. vertical en- 
gine, connected by belt to two dynamos, 
was afterward installed in the basement. 

The establishment of a central lighting 
and heating plant by the University in 


*Contributed by request by Edgar Mar- 
burg, Professor of Civil Engineering, 
University of Pennsylvania 
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1891, afforded the desired opportunity of 
erecting, in connection therewith, a build- 
ing devoted to instruction in Mechanical 
and Electrical Engineering. Within two 
years after its construction the number of 
students had increased to such an extent 
that the capacity of this modest building 
became overtaxed. That condition contin- 
ved until the completion, in 1906, of the 
present Engineering Building, affording 
accommodations to all of the engineering 
departments of the University, in which 
the aggregate registration this year is 
VG3: 

Prof. Spangler was the author of a 
number of standard textbooks and numer- 
ous technical papers and professional re- 
ports. The textbooks from his pen em- 
brace “Valve Gears” (1890); ‘‘Notes on 
Thermodynamics” (1901); “Elements of 
Steam Engineering,” in collaboration with 
A. M. Greene and S. M. Marshall (1903) ; 





‘““Graphics”’ 
modynamics” 
“Valve Gears” has passed through two 


(1908); and “Applied Ther- 
(1910). Of these books, 


editions, “Notes on Thermodynamics” 
through five editions, and ‘‘Elements of 
Steam Engineering” is in its third edition. 

As a writer, his chief characteristics 
were, perhaps, his painstaking efforts to. 
present the subject in the simplest and 
clearest manner, consistent with the in- 
tended scope of treatment, and to keep in 
view the practical requirements of pro- 
spective engineers, rather than theorists. 

As a teacher, he was lucid, stimulating, 
progressive, and always intensely prac- 
tical. His first concern was to help the 
students to gain a firm grasp of the un- 
derlying principles of the subject, and 
then to encourage them to rely on their 
own resources in the application of these 
principles. On no point, perhaps, was he 
more insistent than that of individual re- 
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sponsibility, which his students were re- 
quired to assume in every branch of their 
work. 

In 1896, the University conferred upon 
him the honorary degree of Master of 
Science, and ten years later, the degree 
of Doctor of Science. 

Prof. Spangler was a member of the 
American Society of Mechanical Engi- 
neers, the American Society of Naval 
Architects and Marine Engineers, the 
American Society for Testing Materials, 
the Society for the Promotion of Engi- 
neering Education (Charter Member, 
1893; Member of Council, 1893-4; Vice- 
President, 1898-9), the Franklin Institute, 
and the Engineers’ Club of Philadelphia 
(Director 1891-3, President 1890 and 
1908). He was a member of the Advisory 
Council of the Engineering Congress at 
the World’s Columbian Exposition in 1893 
and of the Jury of Awards at the Buffalo 
Exposition in 1901. In 1908 he declined 
an invitation to accept the Directorship 
of Public Works of the City of Philadel- 
phia. 

The Engineers’ Club of Philadelphia 
did him the signal honor of electing him 
to the presidency for the second time in 
1908, which was the first occurrence of 
this kind in the long history of that or- 
ganization. The:’Club had just entered 
upon a somewhat ambitious plan of ex- 
pansion, including the acquisition of a 
modern club-house, at a heavy expense in 
proportion to its normal resources. In 
its quest for a man of the right qualities 
of leadership——at once, sound and pro- 
gressive—-during this critical period, the 
choice fell naturally upon Prof. Spangler, 
whose acceptance of the office meant in- 
evitably its administration with the same 
self-sacrificing fidelity with which he met 
every responsibility that fell to his lot. 

Endowed with quick initiative, re- 
sourcefulness, courage, and self reliance, 
his qualities of leadership stood out at 
their best at times of emergencies; such 
as the destruction by fire of the old Me- 
chanical Engineering Building, and the 
almost immediate 4nd orderly resumption 
of activities in an incomplete, new build- 
ing, with such facilities as could be 
quickly improvised. A strict and almost 
military disciplinarian, he was no less 
rigid in the standards which he applied to 
himself. The respect and admiration in 
which he was held by his students ripened 
into affection as they came to see him at 
closer range. There were few graduates 
who failed to turn to him at some time 
for helpful counsel in the perplexities of 
later years, or who failed to accept it, 
even though it ran counter to their own 
promptings. 


the faculty of perceiving clearly, and 
almost intuitively, the essential elements 
of a seemingly difficult problem or com- 
plex situation, and he was as quick in 
action as in perception. Few excelled 
him in the clear discernment of the fal- 
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lacies of an argument or in the directness 
of the challenge of such fallacies. Of a 
thoroughly progressive bent, he did not 
allow himself to be beguiled into strange 
paths by the educational fads and follies 
of the hour. The business of education 
was, to him, a serious business, with 
which liberties were not to be taken 
lightly. 

Prof. Spangler was married to Nannie 
Jane Foreman, of Carlisle, Penn., on Dec. 
1. 1881. Their union was blessed with 
three children, of whom one son, Henry 
Wilson Spangler, Jr., survives. Prof. 
Spangler’s remains are interred in Car- 
lisle, Penn. 








Notes from Engineering 
Schools 


UNIVERSITY OF NEBRASKA “Engi- 
neers’ Week’? was celebrated beginning 
Mar. 4. All the engineering students wore 
badges which distinguished them from 
members of the other colleges. At a 
meeting on Mar. 5, Prof. O. V. P. Stout 
spoke on “The Development of the Engi- 
neering College,’ and a large picture of 
the former Dean, C. R. Richards, was 
presented by the honorary society, Sigma 
Tau. At an ‘engineers’ rally” on Mar. 6, 
short talks were given on an engineer’s 
life, in and out of college. On the next 
day, engineering students produced an 
issue of the Daily Nebraskan and the first 
issue of a semi-annual publication, the 
Biue Print. Mar 8 brought a depart- 
ment smoker and Mar. 9 a banquet. 








Asphyxiation by Illuminating Gas 
caused the death of six inmates of the 
Huron County infirmary, near Norwalk, 
Ohio, Mar. 22. Eight others asleep in 
Crhe same room were overcome but re- 
covered Reports state that the men 
Were accustomed to sleep with all the 
windows tightly closed. The accident 

iscribed to a temporary failure of the 
vas supply, which extinguished a burnet 


left lighted. 


A Coal Mine Explosion, in the mine of 
the San Bois Coal Co., at McCurtain 
Okla Mar. 20, caused the death of S5 to 
i) omen. The accident occurred shortly 
after 9 a.m., When 116 men were at work 
in the mine. Ten miners were rescued 

live and the bodies of five others were 
recovered that night On Mat 21, 15 
men were rescued alive who had bar- 
rieaded themselves in a room on the 13th 
level, obtaining an air supply from the 
compressed-air line On the same date, 
50 dead bodies were removed from the 
oO 


mine, and on Mar. 22 the rescuers re 
covered 29 bodies. 


An Explosion in the Coal Mine of the 
Jed Coal & Coke Co., at Jed, W. Va., 
Mar. 26, is reported to have killed $1 
men. Eleven men at work near the foot 
of the shaft escaped in the cages, which 
were not damaged by the explosion, but 
one of them died within an hour, and 
these men were the only ones to reach 
the surface The fan was damaged, but 
could still be operated so that rescuers 
were able to enter the mine immediately 
after the explosion By night on the 
day of the disaster, 33 dead bodies had 
been found Reports state that the 
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barometric pressure in the vicinity had 
been unusually low for a week The 


mine was inspected, Mar, 22, and pro- 
nounced safe 


An Explosion of Gas in the Cellar of 4 
dwelling house at Dunmore, near Scran- 
ton, Penn., Mar. 20, and the fire which 
followed it completely demolished the 
building and caused the death of nine 
persons asleep in the house \ number 
of neighboring houses were damaged 
The accident occurred between three and 
four o'clock in the morning It is as 
cribed in press reports to the seepage of 
mine gas through crevices into the cellar, 
to be subsequently ignited by an oil 
lamp left burning in the kitchen The 
Newark “News” 
that the gas probably got into the mine 


ingeniously explains 


fissures from a broken gas main 


The Strike of British Coal Miners, 
Which began on Mar. 1, has caused 
greate suffering and loss in Great 


Britain than any 


other event occurring 
in many years A large part of the 
country’s manufacturing industries have 


shut down for lack of fuel, shipping 
is idle in all the ports and railway-train 
service has been greatly reduced to eke 
out the rapidly diminishing stock of 
railway fuel. The House of Commons 


passed a “minimum wage” bill applicable 
to the coal-mining industry, on Mar. 26, 
under which a minimum rate of wages 
for coal miners in each district is to be 
fixed by a Board for that district on 
which mine operators, miners and the 
government are each represented. The 
bill, however, is not satisfactory to 
the miners who insisted on a minimum 
wage being named in the bill applicable 
to the whole country. 


The Harris & Blanck Prosecution 
ended last week, and the Triangle Shirt- 
Waist fire in New York City, a year ago, 
with its loss of some 150 lives thus 
goes finally into history. The proprietors 
of the factory, Isaac Harris and Max 
Planck, were tried several months ago 
for criminal negligence, the death of one 
specific victim being charged: the trial 
centered around the charge that an exit 
door was kept locked They were ac- 
quitted (Eng. News, Jan. 11, 1921), but 
several other indictments were. still 
When these were brought to 
trial, the judge ruled that the plea of 
former jeopardy barred further prosecu- 
tion 


pending 


The U.S. Battleship “Maine,” or rather 
the rear third of it which was recently 
raised from its resting place in Havana 
harbor and refloated, was towed out to 
deep water off the Cuban Coast and of- 
ficially sunk, with fitting ceremonies, on 
Mat 16 The found 
among the wreckage were divided among 


human remains 
34 coffins and shipped to Washington, 
ae > to be eventually interred at the 
National Arlington, Va 
Memorial services were held at Wash- 
ington, Mar. 23 


cemetery, at 


The “Maine” was originally sunk in 
Havana harbor Feb. 15. 1898, by an ex- 


plosion which shattered the forward two- 


thirds of the hull \ cofferdam was 
built around the wreck during the vear 
1911 and th water pumped out The 
plan for this work was described in 
Engineering News, (Qct 20 1910, and 
progress was noted in oul issues of 


Feb. 2, Aug. 3, Sept. 7 and Nov. 9, 1911 
The wreckage of the forward part of the 
hull was cut in pieces with acetyl ne 
torches so that none of it was left pro- 
jecting high enough to interfere with 
navigation. 




























































A Typhoid Outbreak at Two Harbors, 
Minn., is attribute 


to the pollution ol 


the water supply by the sewage of the 


city the cits ipparently using Lake 
Superior for bot Ssewane disposal ind 
Water suppl) Th da the state board 


of health received notice of the out- 
break it forwarded its portable hypo- 
chlorite plant to Two Harbors In a 
bulletin issued by the state vard f 
local instruction it is stated 


At the present time there 


or two convalescing patients it Two 
Harbors Later on, noweverl those now 
sick will be recovering It is mo 
portant to remember that such cony 
cent persons usually carry the gern 
their bodies and throw them out in thei) 
discharges, just as the sick do for il 
average period of three months afte) 
complete recovery Hence a typhoid 
patient after recovery is nearly as dat 
gerous as a sick persor for the thre 


next months; and all precautions prope 
for a sick person should be taken—su 

as disinfection of discharges, cleanliness 
of hands, ete No typhoid convalescent 
should handle in any way the food o1 
milk of other persons for at least three 


months after recovery. He He should 
not milk ehurt butter, handle raw 
groceries, bread or other food, cook, o1 


Wait on tables, ete 

The use of hypochlorite was begun at 
Two Harbors on Feb. 29. At that time 
about a hundred cases of typhoid had 
been reported 


A Joint Committee of Railway Officers 
and steel-rail manufacturers, organized 
to consider what can be done to make 


liable to breakag 


steel rails less na 
more durable, was held in New York 
City, on Mar. 21 The meeting was pri- 
vate, but an official statement was given 


out afterward which said 


It was conceded that improvements can 


and ought to be made by both sides 
Every reasonable effort will promptly be 
made in this directior \ subcommittee 


of six Was appointed, three representa- 
tives of the railways and three of the 
steel manufacturers to conside. the 
whole subject matter and report their 
conclusion ind recommendation it a 
future meeting of the general committee 
to be called by the el } il 


Ma 


Progress in Fabrication and Erection 


of the Panama Canal lock gates is ree 
ported as follows in the “Canal Record”: 

At the Rankin, Pen: shops of the Me- 
Clintie-Marshall Construction Co con- 
tractors for the gates, a total of 25,663 
tons of riveted material had been shipped 
by Jan. 20 This is a little over half the 
total contract, which amounts to 58,000 
tons; 38000 tons additional of tructural 
steel has been manufactured ind in- 


spected, but was delayed in shipment on 


account ol unfavorable Weather for 
painting At the rolling mills 45,427 tons 
of structural steel had been accepted up 
to Jan. 20, or about 90°, of th total 
In the erection of the material on the 
Isthmus, it is stated that up to Feb. 1, 
1912, 6646 tons of material had been 
erected Without regard to ts being 
riveted or fully fitted This is about 13 

of the total steel to be erected On the 
erection work a total of 330,000 field 
rivets had been driven up to Kel lL since 
the beginning of work out of a total 
of 5,500,000 Only 6° ,of the field rivet- 


ing, therefore, has been completed 


The Cambridge Subway section of the 


Boston transit svsten Was opened to 
traftic on Ma 2a, 1912 \s described in 
our issue of Feb. 1 


1912, this 
extends from terminal station under 


subwa 


the Park St. station of the original o1 


Tremont St. subway to Harvard Square 
Cambridge The portion in Boston is 
double-track arch tunnel, leading by a 


short elevated structure te the Cam- 
bridge Bridge over the Charles River 
The bridge tracks are at roadway level 
but oceup reservation along the mid 

dle The Cambridge portion, 2 mil 

long, is all two-track subway, with tw: 
intermediate stations at Kendall Square 
and Central Square, and an interchange 


terminal at Harvard Square for traffic 






connection with underground loops of 
the Cambridge suburban trolley lines. 
The total length of the subway is about 
3.2 mi., and the time of the trip is about 

min. The first day of operation brought 


] 


iirly heavy traffic. 


\ Sewage Testing Station at Cleveland, 
Ohio, been authorized by the City 
Council. An appropriation of $20,000 has 
made for construction purposes and 
being prepared as rapidly 
It is expected that the station 
for in the sum- 
Experiments extending 
will be made clari- 
and 
all on a 


} . 
nas 


been 
plans are as 
possible. 
will be ready 
mer of 1912. 
through a 
by 
sludge disposal, 
than has 
an experimental 
The plan is to 


early 


uSe 
year on 
tanks and 

larger scale 
previously been attempted at 
plant in this country. 
treat 1,000,000 gal. of 
sewage a day. R. Winthrop Pratt, late 
chief engineer of the Ohio State Board 
of Health, is special engineer on sewage 
disposal at Cleveland, under Robert Hoft- 
man, chief engineer of the Division of 
Engineering, Department of Public Ser- 
and W. J. Springborn is director 
of the Department 


fication screens on 


vice, 


Organization 
out to 
by the 
of Com- 
is to be 
no a 
the pro- 
More than 
signified 


A National Commercial 
is suggested in a circular 
local commercial organizations 
secretary of the Department 
and Labor. <A 
Apr. 22, at Washington, 
the establishment of 
posed national organization. 
150 local organizations have 
their approval of the plan and delegates 
to the conference have been appointed 
by 80 of these, including the IFran- 
Chamber of Commerce, Chicago 
Association of Commerce, Boston Cham- 
ber of. Commerce, Philadelphia Cham- 
ber of Commerce, New York Produce Ex- 
National Manu- 
and the 


sent 


merce conference 


held, 


discuss 


to 


San 


cisco 


Association of 
National 


change, 


facturers, Association 


of Cotton Manufacturers. 
Extensive Contracts for Irrigation 
works were awarded by the South San 


Joaquin Irrigation District, of California, 


in February, 1912. We are indebted to 
Edwin Duryea (Humboldt Bank Build- 
ing. San Francisco, Calif.) for the fol- 
lowing statement regarding these and 


some earlier contracts let by the district 
named: 
the 


South San 


Bids were opened by 
Joaquin Irrigation District, on Feb. 8, on 
Contract Divisions 2a, 2b, 3, 4 and 5. On 
Feb. 10 a contract for Divisions 2a and 


2b was awarded to the Utah Construction 
Co. at an estimated total cost of $658,138. 


On Feb. 13 contracts for Divisions 3 and 
5 were awarded to Mr. T. K. Beard, of 
Modesto, Calif., at estimated total 


amounts of $272, 


for No. 5. Also, 
for the wooden 
tract Division 
F. McCarthy, 
a. 

The only 


765 for No. 3 and $234,600 
on Feb. 13, the contract 
flume, constituting Con- 
No. 4 was awarded to C. 
of the Pacific Construction 


remaining portions of the 
main canal between the head-works and 
the east edge of the South San Joaquin 
Irrigation District, were awarded to T. 
K. Beard last August. These portions 
are the diversion dam and head-works, 
Contract Division No. 1, estimated total 
cost about $147,000, and Contract Divi- 
sion No. 6, 64% miles of unlined earth 
canal next to the district, with some 
structures, estimated total cost, $132,000. 

The work on Contract Divisions Nos. 2 
ind 2a consists of about 2% miles of ex- 
tremely heavy side-hill rock excavation 
in the Stanislaus River cahon and in- 
cludes two 1000-ft. tunnels. All this por- 
tion of the work is the enlargement of 
an existing smaller ditch. Contract No. 
2b consists of a new 2940-ft. tunnel, with 
about 2000 ft. of approaches. The mate- 
rial’ throughout two contracts is 
generally hard slate and the capacity of 
the canal and tunnels will be 370 cu.ft. 
sec, ultimately and 1110 in the beginning 
cu.ft. sec of which will be water 
to the Oakdale Irrigation Dis- 


these 


2 HO 
belonging 


ENGINEERING NEWS 


Contract No. 3 consists of about three 
miles of canal along a ridge in hard- 
pan, with four short tunnels aggregating 
960 ft. in length The cuts are heavy 
and both the tunnels and open canal will 
be lined with concrete. The capaeity of 
Contract No. 3 will be 1110 cu.ft. ul- 
timately and 860 in the beginning. 

Contract No. 4 consists of a wooden 
flume 2000 ft. long and about 80 ft. max- 
imum height, built for an ultimate capa- 
city of 1110 cu.ft. see. This flume crosses 
a saddle or break in the country. 

Contract No. 5 consists of about five 
miles of partially side-hill and partially 


sec, 


crest canal, with one tunnel 780 ft. in 
length. The canal is generally unlined 
and with an ultimate capacity of 1110 
cu.ft. see. and a present capacity of 860. 


Contract Division No. 1, the dam and 
head-works, has already been con- 
structed across the river span to a height 
of 12 ft. above low water and the north 
span of the arch dam is now being built. 
About 2% miles of the canal in Contract 
Division No. 6 is already constructed. 


Data on the Freezing of Water Mains 
and services during the past severe win- 


ter are Wanted by F. A. Barbour, Tre- 
mont Building, Boston, Mass., chairman 
of the Committee on Depth of Water 
Pipe of the New England Water Works 
Association. 

The Cornerstone of the New Hall of 
the London County Council (England) 
was laid on Mar. 9, by King George. 
After the ceremony the king knighted 
Maurice Fitzmaurice, chief engineer of 


the London County Council, and Edward 
White, chairman of the council. The 
site of the new county hall is near the 
Houses of Parliament, but on the oppo- 
site side of the river. The building will 
be 750 ft. long, will have an average 
width of 310 ft. and will be seven stories 
in height, with a commanding central 
tower or dome. The main axis will be 
nearly parallel with the Thames and 
one of the three facades will be parallel 
with and quite near the river, with no 
intervening. The opposite facade 
«extends along Belvedere Road. The third 
facade is on the Westminster Bridge ap- 
proach, from which a wide covered drive- 
way will extend well into the building 
to a large “members entrance court.” 
The architect for the building is Ralph 
Knott, will collaborate with W. E. 
Riley, architect to the County Council. 


street 


who 


\ Recording Gas Calorimeter has been 


invented by Mr. H. F. Smith, M. Am. 
Soc. M. E., of Lexington, Ohio. The 
apparatus consists of two parts, a sam- 
pling pump and the calorimeter proper. 


The sampling pump is arranged to sup- 
ply the calorimeter with continuous sam- 
ples of gas and air in a fixed volumetric 
ratio. The calorimeter consists of a nest 
or labyrinth of metal cylinders one with- 
in another. The and air mixture 
from the sampling pump enters the space 
between the two outermost cylinders 
and down around the lower 
of the second cylinder to the next space, 


gas 


passes edge 


then up over the top of the third cylin- 
der to the third space and so on. At 
the center of the labyrinth, the gas and 


air mixture passes up through a burner 
tube 

The rise in temperature of the air and 
“as mixture, due to combustion, is taken 
as a measure of the heat value of the 
gas. The ratio of gas to air is so chosen 
as to make this assumption sufficiently 
correet The temperature rise is re- 


corded by a differential-expansion couple, 


one member of which is a thin steel tape 


which is subjected to the heated air 
from the burner while the other mem- 
ber is the outer tube of the calorimeter. 
The expansion of the steel tape moves, 


through a system of levers, the record- 
ing pen of the thermograph the 
of combustion leave the calorim- 


Since 


products 
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eter at a high temperature, the low heat 
value is the 

The record is circular disk 
chart graduated to read direetly in B.t.u 


one recorded. 


made ona 


The instrument is calibrated to read in 
terms of gas at 60° F. and 30-in. barom- 
eter. Since the sampling pump. sup- 
plies gas and air in a fixed proportion 


regardless of changes in temperature or 
barometrie pressure, correction for these 
made automatically. The 
calorimeter is made by the Lexington 
Instrument Works, Lexington, Ohio, in 
two styles—one with a range of from 
60 to 200 B.t.u. for producer and blast- 
furnace gas and the other from 200 to 
1000 B.t.u. for richer gases. 


Boiler 


changes is 


Explosions in Great’ Britain 
are numerous than in this country, 
according to the monthly “Bulletin” of 
the Fidelity & Casualty Co., of New York, 
for the reason that boiler accidents 
investigated by a commission appointed 
by the British Board of Trade to fix the 


less 


are 


responsibility, and in practically all 
cases fines are assessed. As an exam- 
ple, the “Bulletin” mentions an acci- 
dent at Manchester, England, in July, 
1911, as follows: 

The vessel which exploded was sup- 
plied by steam admitted through a re- 


ducing. valve. Between the reducing 
valve and the vessel there was placed a 
steam gage, and the investigation dis- 
closed that the foreman of the plant had 
some time prior to the accident removed 
this steam gage. 

The responsibility for the 
therefore, was fixed upon the 
who was promptly fined $100. 


explosion, 
foreman 


Experience with Diesel Oil Engines in 
marine service was reported in a Presi- 


dential Address by the Marquess of 
Graham before the Institute of Marine 
Engineers in London recently. The Lon- 
don “Times” of Feb. 14 summarizes the 
paper as follows: 

He had personal experience of the 


Diesel oil engine of the Beardmore type, 


which had been installed in his yacht, 
the “Mairi.” The engine fitted was a 
two-cycle engine of 130 b.-hp. at 350 
r.p.m., with cylinders of 9-in. bore by 
13-in. stroke. The fuel used had been 
crude Texas oil with a specific gravity 
of .9 to .93. He did not believe that the 


prime cost of installing oil engines need 
exceed the cost of steam engines and 
boilers. A quotation had been given for 
a complete oil engine marine installa- 
tion of 600 hp. for less than £5000 [about 


$40 per hp.]. Oil could at present be 
bought at home ports for about 50s. a 
ton. Scottish shale oil was quite good 
for use in Diesel engines. A ship of 
600 hp. sailing out of Glasgow supplied 
with crude Texas oil at 52s. per ton 


would show running costs of £8 6s. fora 
24 hours’ run. This would compare with 
£12 8s. with Welsh coal at 20s. a ton, and 
£S 19s. with Scotch coal at 14s. a ton 
There would in the case of the oil en- 
gine be considerable economies in saving 


of labor, space and stand-by losses. The 
saving under the last-named head for a 
3000-ton cargo boat running from Glas- 
gow to Australian ports and back, via 
the Suez Canal, was estimated at the 
value of about 500 tons of coal. 

With regard to the reversing of the 
marine oii engine he had carried out 
tests with his own yacht, and the aver- 
age time taken to change over from 
full ahead to full astern was 9 sec. His 
vacht had been out in the Trish Sea and 
Mnglish Channel during the last. six 


and no trouble had been experi- 
either with racing or on account 


weeks, 
enced, 


of the engine stopping when the pro- 
peller was being thrown in and out of 
the water. 

Water-tight Underground Pipes—!1 
discussing attempts at standardizing 
vitified sewer pipe, the London Con- 
tract Journal of Jan. 24 says: 

“A casual observer, say from another 
planet, might easily suppose that the 
chief function of an underground pipe 
was to leak. Let the street be opened 
up in almost any modern city and the 
strong smell of gas testifies to the fact 
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that there is no smal! amou: of leak- 
ge in gas nines; yet it is no less the 
nterest tnan the duty of gas engineers 
to make their pipes and joints perma- 
nently gas-tight. The leakage of water 
pipes is probably less in amount, save 
when they have been broken by frost; 
at any rate, it is less noticeable. But 
the jeakage of sewer and drainage pipes 
has until lately been regarded as an 
inevitable evil, whether it be inward or 


outward. Textbooks and specifications 


ften state the minimum allowable, but 
that minimum is startlingly large. 
“It is only quite recently that sani- 
tary engineers have dared to state that 
it is quite possible to make such pipes 
watertight at the joints, and even now 
there remains a doubt whether, though 
so made, they will stay watertight for 
any length of time The British Engi- 


neering Standards Committee even 
now engaged on the attempt to discover 
a convenient standard specification for 
the manufacture of vitrified ware pipes; 
and, the Institution of Municipal and 
County Engineers has produced for the 
consideration of the Standards Com- 


are 








mittee a draft specification.” 
Personals 
Mr. W. G. Kirkpatrick, M. Am. Soc. C. 
E.. a consulting engineer, of Jackson, 


Miss., has been appointed City Engineer, 
of Birmingham, Ala. 

Mr. Tracy 
ager of the 
Co., Denver, 
Juan, Porto 

Mr. J. A. former master me- 
chanic of the Cleveland, Cincinnati, Chi- 
cago & St. Louis Ry., has been appointed 


Bartholomew, formerly Man- 

Western Cement Products 
Colo., has removed to San 
Rico. 


Gibson, a 


Superintendent of Steam Plants of the 
Illinois Traction System. 
Mr. R. H. Thomson, M. Am. Soc. C. E., 


Port Engineer, and for several years pre- 
vious City Engineer of Seattle, Wash., 
has resigned and will retire from active 
practice. Mr. old 
and has been prominently identified with 


Thomson is 56 years 


engineering undertakings in the North- 
west since 1882. 
Mr. J. B. Girand, former Territorial 


Engineer of Arizona, has associated with 
him Carl E. Hasse and Frank R. 
Goodman, under the firm name of the 
Girand Engineering Co., for the general 
practice of engineering, with offices at 
301 Fleming Block, Phoenix, Ariz. 

Dr. M. Sengoku, M. Am. Soc. C. E., 
President of the Inamashura Co., a large 
hydro-electric project in Japan, and two 


Messrs. 


of his associates are in this country to 
inspect the power developments. at 
Niagara Falls and elsewhere, and to 


place orders for electrical equipment. 

Mr. H. W. Durham, M. Am. 
has resigned his position as Resident En- 
Canal 
Mass., to 


Soc. C. E. 


gineer of the Cape Cod Construc- 


tion Co., at Sandwich, accept 


the appointment of Chief Engineer of the 


Bureau of Highways, Borough of Man- 
hattan, New York City. Mr. Durham 
succeeds Gen. Theodore A. Bingham, who 
resigned in July, 1911. 

Mr. C. W. P. Ramsey, Assoc. M. Can. 


Soc. C. E., has been appointed Engineer 


of Construction of the eastern lines of 


the Canadian Pacific Ry., at Montreal, 
Que. Mr. Ramsey has been in the engi- 
neering department of the Canadian Pa- 
cific Ry. for 14 vears, and for the past 
seven vears has been in the construction 


department. 
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Mr. Ray Palmer, Assoc. 
a consulting 
has 


Am. Inst.°E. E., 
engineer, of 111., 
appointed City Electrician of 
succeeding Mr. William Carroll, 


Chicago, 
been 
Chicago, 


resigned. 


Mr. J. H. Taylor, General Superintend- 
ent of the Great Northern Ry., at Great 
Falls, Mont., has been transferred to 
Superior, Wis., succeeding Mr. Db. M. 
Philbin, and Mr. Cc. O. Jenks, Division 
Superintendent at Great Falls, has been 


promoted to be 
succeeding Mr. 


General Superintendent, 


Taylor. 


Mr. Frank D. Chase, Assoc. M. Am. 
Soe. Cc. E., Architect for the Western 
Electric Co., of Chicago, Ill, has opened 


offices in the Peoples Gas Bldg., Chicago, 


for the general practice of architecture 
and industrial engineering. 

Mr. Selskar M. Gunn, Assistant Pro- 
fessor of Biology and Public Hea!th at 
the Massachusetts Institute of Technol- 
ogy, has been chosen Secretary of the 
American Public Health Association and 
Managing Editor of its “Journal,” suc- 
ceeding Mr. W. C. Woodward, of Wash- 
ington, D. C. Mr. Gunn will not relin- 


quish his work at the Institute. 

Mr. John Wilson, formerly Assistant 
City Engineer of Duluth, Minn., has been 
appointed City Engineer. Mr. 
a graduate of the University of Wiscon- 
sin, 1903, and for several 
years in railway work in New Mexico. 


Wilson is 


class of was 


Sir William Lindley, M. Inst. C. E., of 
Frankfurt-am-Main, has been appointed 
Engineer-in-Chief of the Water Supply 
and Sewage Committee of the St. Peters- 
burg (Russia) Town Council. He will 
have charge of the design and construc- 
tion of water-works and a sewerage sys- 
tem to cost $50,000,000. 

Mr. N. P. Turner, Assoc. M. Am. 
Cc. E., has resigned as Chief Engineer of 
the Cuba R.R., Camaguey, Cuba, and is 
now associated with Mr. L. D. Moore, M. 
Am. Inst. M. E., of New York. He will 
be engaged in mining, engineering and 
exploration work in the West Indies, 
Central and South America, with head- 
quarters for the present at Camaguey, 
Cuba. 

Mr. H. M. Waite, formerly 
tendent of the Seaboard Air Line 
Birmingham, Ala., and more recently 
with the Clinchfield Coal Co. of Virginia, 
has been appointed City Engineer of Cin- 
cinnati, Ohio, succeeding Mr. H. F. Ship- 
ley, who has entered private practice in 
Cincinnati. 

Mr. J. G. Shillinger, Division Engineer 
of Maintenance-of-Way of the Cleveland, 


Soc. 


Superin- 
Ry. at 


Cincinnati, Chicago & St. Louis Ry., at 
Galion, Ohio, has been appointed Chief 
Engineer of the Rutland R.R., with head- 


quarters at 
J. C. Irwin, M. Am. 
Mr. Shillinger graduated 
University in 1892 


Rutland, Mr. 
resigned. 
from Cornell 
entered the engi- 
the Cleveland, 
Louis Ry. in 
the ee 
the 


Vt., succeeding 
Soc. ©. EE: 


and 
department of 
Cincinnati, Chicago & St 


neering 


1893 as an assistant to ngineer of 
maintenance-of-way of 


division 


Cleveland 


Ber. As 
Engineer of 


Ayers, 
the 


formerly 
Lake 


Mechanical 


Shore & Michigan 


Southern, the Indiana Harbor Belt and 
the Chicago, Indiana & Southern Rys., at 
Cleveland, Ohio, has been promoted to 
be General Mechanical Engineer of the 
New York Central Lines west of Buffalo, 
which is a newly created position. Mr 
Ayers is a graduate of Cornell Univer- 


sity, class of 1900, and entered upon*rail- 
way work as a 
the 


Lake 


special apprentice with 


& Michigan Southern Ry. 


Shore 
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Dr. Harvey W. Wiley, whose resigna- 
tion as Chief Chemist of the Department 
of Agriculture was noted in our issue of 
last week, will become Contributing 
Editor of “Good House Keeping Maga- 


New 


zine” of York City, on Apr. 1. This 
established and will main- 
permanently at Washington, D. C 
i Bureau of Foods, 
Health, of which Dr. 
charge. Here, it is 

the proprietors of 

Wiley will 


aggressive 


magazine 
tain 
Sanitation ind 
Wile 
officially 
the 


absolute 


Will ‘be in 
stated by 
magazine D1 
have freedom in an 
waged 


kindred 


campaign to be 


against food adulteration and 


abuses. 


Mr. J. C. Stevens, Assoc. M. Am. Sox 
Cc. E., a consulting hydraulic engineer of 


Portland, 
neer in 


Ore., District Engi 


formerly 


charge of water-supply invest. 


gations of the United States Geological 
Survey in the Northwest, has accepted 
a position in conne- tion with a large ir- 


rigation and water-power project neat 
Spain, and from New 


York City on Mar. 28, to be gone several 


Barcelona, sails 


years. Mr. Stevens was graduated from 
the University of Nebraska in civil en- 
gineering, and has been Assistant State 
Engineer of Nebraska, Assistant Engi- 
neer of the United States Reclamation 
Service, and Districc Engineer of the 
United States Geological Survey. Since 


September, 1910, he has been 


private practice in Portland. 


engaged in 


Sir Maurice Fitzmaurice, M. Inst. C. E 
Chief Engineer of the 
Council, was knighted 
IV on the occasion of 
corner stone of the County Hall, 
on Mar. 2 Maurice Fitz- 
maurice was educated at Trinity College 


London 
by 

the 
new 
Sir 


County 
King George 


laying of the 


London, 


Dublin, Ireland, and studied engineering 
in the office of the late Sir Benjamin 
Baker. He was an assistant engineer 
for Sir John Fowler and Sir Benjamin 
Baker in tke con.-.ruction of the Firth 
of Forth Bridge from 1884 to 1888. In 
1892 he was Resident Engineer of the 
London County Council on the construc- 
tion of the Blackwall tunnel under the 
River Thames. Later he was Chief En- 
gineer for the Egyptian Government on 


the construction of the Assouan dam and 


reservoir on the River Nile. Since 1901 
he has been Chief Engineer of the Lon- 
don County Council and has had charge 
of extensive rapid transit developments 


and of the duplicetion of 
main drainage system ata 
$20,000,000 


the 


cost of 


London 
about 





—_— 


Obituary 





John Lawrence Power O’Hanly, a civil 
engineer of Ottawa, Ont., died, on Mar 
22, aged 85 years. His early experience 
was gained on Canadian railway sur- 
Veys. In 1872 he served as a commis- 
sioner for Ontario in the survey of the 
Ontario-Quebee boundary, and in 1881 
he was engaged on the Ontario-Mani 


toba boundary survey. 


Ralph Stockman Tarr, Professor and 
head of the department of geology at 
Cornell University, died, on Mat 21 
from hemorrhage of the brain. He was 
born at Gloucester, Mass., Jan. 15, 1864, 
and graduated from Harvard University 
in 1891, previous to which he had been 
with the United States Fish Commission 
and the United States Geological Survey 


In 1892 he was appointed Assistant Pro- 


fessor of dynamic geology and physical 
gscography at Cornell University, and in 
1909 was placed at the head of the de- 


partment. Besides his work here he was 
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Special Field \ssistant of the 


United 
States Geological Survey, and had made 
\laska fon 


veral trips to reological 


' 
Renwick, M. Am. Soe. 


M. E., noted as an inventor and patent 


Mkdward Sabine 


xpert, died at his home, in Short Hills, 
N. J., on Mar. 19, aged 90 years. He was 
born in New York City and graduated 
from Columbia University in 1839, re- 
ceiving an A. M. degree in 1842. For sev- 
eral vears he served as civil and. mechani- 
eal engineer and superintendent of iron 
works at Wilkes-Barre, Penn. In 1849 
he began practice as a patent expert and 
had since continued to devote the greate? 
part of his time to this work He was 
in inventor of several machines and me- 
chanical devices. One of his most nota 
ble achievements as a mechanical engi 
neer was performed with the aid of his 
brother, Henry B. Renwick, in 1862, in 
repairing a fracture 83 ft. long and 10 
ft. in greatest width in the bilge of the 
steamship “Great Eastern, While the 
vessel was afloat He was a member of 
the American Chemical Society, the 
American Geographical Society, the En- 
gyineers’ Club of New York and many 
other organizations. 

William Ferguson, one of the 


practicing civil engineers of New Jersey 


oldest 


died at his home in Paterson, N. J., Mat 
16, at the age of TS vears Mh Ferguson 
was of Seoteh-Irish ancestry, and re- 
eeived his early education in New York 
City In 1854 he went to Missouri and 
became a member of one of the first en- 
gineer corps to engage in railway sur- 
veys west of St. Louis, Mo. In 1859 he 
was appointed Assistant Engineer’ in 
construction of the tunnel 
R.R. extending 
through Pulaski County, Missouri. At 
the outbreak of the Civil War he left 
this position United 
States Navy as a captain's aid and acting 


signal officer. He served under Admirals 


charge of 
division of the Pacific 


and entered the 


Farragut and Porter and participated in 
many important engagements, including 
the passage of the forts below New O1 
leans and the siege and capture of Vicks- 
burg. He was captain of the gunboat 
“Silver Cloud in the battle of Fort 
Pillow. 

In 1865 he resumed practice as a civil 
engineer in Brooklyn, N. Y., later becom- 
Ing Assistant Engineer on the location 
and construction of the Schenectady & 
Mohawk Valleys ..R., the Harlem River 
& Port Chester R.R., the Columbia & 
feading R.R. and the New Jersey Mid- 
land R.R. Mr.:- Ferguson was appointed 
Assistant City Engineer of Paterson, N. 
J.. in 1877, and elected City Engineer in 
1884, serving in this capacity 16 years, 
during which time he built the first pave- 


ment in Paterson and designed and in- 





stalled the main sewerage system. He 
was one of the engineers appointed by 
the Passaic Valley Sewerage Commission 
in 1902 to study plans for a trunk sewer. 

During his vounger days Mr. Fergu- 


son was acquainted with and. served 


under such engineers as Trautwine, 
Morrison, Cross and Shunk, and served 
under Col. Black while employed in mak- 


R.R. Mr 
gentleman of manly 


ing an inventory of the Erie 
Ferguson Was a 
bearing and high integrity and main- 
tained an active interest in his profes- 
sion till the last. Since 1900 he had 
been in private practice under the firm 
name of Wm. Ferguson & Son, of Pater- 
He leaves a widow, four sons and two 
daughters; one son, Garwood, is County 
Engineer of Passaic County, N. J 
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Engineering Societies 
COMING MEETINGS 


NATIONAL DRAINAGE CONGRESS. 
April 10-18. Annual meeting at New 
Orleans, La Vice-President, EK. T 
Perkins, First National Bank Bldg., 
Chicago 


AMERICAN ELECTROCHEMICAL SO- 
CIETY 
April 18-20 Annual meeting at Bos 
ton, Mass Secy., J. W. Richards, Le- 
high University, South Bethlehem 
Pent 


AIR BRAKE ASSOCIATION 


May 7-10 Annual convention at Rich- 
mond, Va Secy., F. M. Nellis, 53 
State St., Boston, Mass 


NATIONAL FIRE PROTECTION \S- 
SOCLATION 
May 14-16 Annual meeting at Chi- 
cago. Secy., F. H. Wentworth, 87 
Milk St., Boston, Mass 
MASTER BOILER MAKERS ASSOCIA- 
TION 
Muy 14-17 Annual convention = at 
Pittsburg, Penn. Secy., H. D. Vought, 
95 Liberty St.,. New York 


AMERICAN RAILWAY ASSOCIATION 
May 15 Semi-annual meeting at New 
York Citys Secy., W Allen, 75 
Church St New York 


OHIO SOCIETY OF MECHANICAL, 
sECTRICAL AND STEAM EN- 

KERS 

May 16-18. 

burg, Penn 

Ohio State 

Ono 





Annual meeting at VPitts- 
Secy., EF. E. Sanborn, 
University, Columbus, 


INTERNATIONAL RAILWAY FUEL AS- 
SOCLTATLION 
May 22-25. Annual convention at Chi- 
cago, Lil Secy., D. B. Sebastian, La 
Salle St. station, Chicago 


AMERICAN SOCIETY OF MECHANICAL 
ENGINEERS. 
May 28-31. Spring meeting at Cleve- 
land, Ohio. Secy., C \W Rice, 29 
West 39th St... New York 


AMERICAN WATER WORKS ASSOCIA- 
TION 
June 3-38 Annual convention at Louis- 
ville, Ky. Secy., J. M. Diven, 271 
River St.. Troy, N: Y. 


American Society of Civil Engineers 

A local branch was formed at Atlanta, 
Ga., Mar. 14, at a meeting held at the 
University Club, with some 25 charter 
members. Officers were elected as _ fol- 
lows: President, Arthur Pew; Secretary, 
W. A. Hansell; members of executive 
committee, Alex. Bonnyman and James 
N. Hazlehurst. 


International Congress of Hygiene and 
Demography In connection with the 
15th Congress, which will be held at 
Washington, D. C., Sept. 23-28, there will 
be an exhibition on health and vital sta- 
tistics to show the recent progress of 
the public-health movement. The ex- 
hibits will be divided into a number of 
including the following: 

Group 5, Among the head- 
ings of subdivisions under this group are 
City Plans and Ventilation of Buildings. 

Group 6, Industrial and Occupational 
Hygiene, with subheads including the 
Physiology and Pathology of Work in 
Cempressed Air; the Effects of Exposure 
to Intense Heat on the Working Or- 


Sroups, 


Housing. 


ganism; Diseases and Accidents of Min- 
ers and Tunnel Workers; Diseases and 
Accidents of Metal Workers; the Dan- 
gers in the Use of Mercurial Salts in the 
Indystries; Industrial Accidents and 
Trade Diseases in the United States; 
Safety Devices and the Prevention of 
Accidents. 
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Trattic and 
Transportation. In this group will be 
included exhibits relating to the ven- 
tilation and sanitation of railway cars 
and stations, as well as railway safety 
devices 


Group 10, Hygiene of 


The exhibition will begin with the 
second week in September and last for 
au period of about three weeks. A spe- 
cial building will be provided for it in 
Potomac Park. 


North Dakota Society of Engineers— 
The fourth annual convention of the 
North Dakota Society of Engineers was 
held at Grand Forks, on Feb. 15 and 16 
With President Samuel F. Crabbe in the 
chair Twenty-six members were in at- 
number of vis- 
itors. Lengthy morning and afternoon 


tendance and a large) 


sessions were held on both days. The 
annual banquet was held on the even- 
ing of Feb. 15, at the State University, 
near Grand Forks. 


A chief feature of the meeting was 
the discussion on concrete, particularly 
on local concrete materials, the effect of 
freezing and thawing and related topics 
naturally arising in North Dakota. This 
occupied the whole of the first afternoon 
Hibbard, of Fargo, 


discussed fuel gas and the economies 


session. Mr. M. I. 


secured by its use. Mr. CG. P. Brown, of 
Fargo, spoke fully on the proper meth- 
ods to be employed in the construction 
of street railway tracks in paved streets 
Prof. R. H. Slocum, of the State Agri- 
cultural College, described the water- 
works at Mattoon, Ill. Mr. J. A. Jardine, 
of Fargo, brought forward a set of mod- 
highway 
Road construction as best and 
forward in 
this region received considerable con- 
sideration, and a 
pointed to recommend specifications for 
such work under the different soil and 
topographic conditions occurring in the 


el specifications for country 
bridges, 


most economically carried 


committee wus apes 


State. 

The conditions of employment and rul- 
ing rates of compensation under which 
the civil engineers and, in particular, 
the county surveyors of the state are 
working, was the subject of an excel- 
lent address by W. A. Baker, of Wahpe- 
ton, and the whole question was fully 
discussed by all. At the annual meet 
ing of the previous year, a committee 
Was appointed to prepare a draft of a 
law to regulate this work, and E. F 
Chandler, the chairman of this com- 
inittee, submitted a bill providing for 
the licensing under proper restrictions 
as regards qualifications proved by ex 
amination, ete., of all those desiring to 
engage in public-land surveying, to hold 
the office of county county 
road superintendent o1 inspector of 
county 
which had been printed and circulated 


surveyor, 


bridges This proposed © bill, 


among the membership some weeks in 
advance, was thoroughly considered and 
after minor amendments, was unani- 
mously recommended to the favorable 
consideration of the state legislature at 
its next session 

It was voted to hold the next annual 
meeting at Bismarck at about the mid- 
dle of January, 1913. A midsummer 
meeting will perhaps also be arranged 
for July at Williston. The following 
officers were chosen for the coming vear: 
President, Henry LykKken, City Engin- 
eer, Grand Forks; Vice-Presidents, T. R. 
Atkinson, State Engineer, Bismarck, and 
S. F. Crabbe, County Drainage Engineer, 
Fargo; Secretary-Treasurer, FE. F. Chand- 
ler, University of North Dakota, Uni- 
versity, N. D. 
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